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ABSTRACT 

PROBLEM TO BE SOLVED: To provide a semiconductor device using TFT structure 
of high reliability. 

SOLUTION: In a CMOS circuit formed on a substrate 100, N channel type TFT is 
provided with a subgate wiring (a first wiring) 102a and a main gate wiring (a second 
gate wiring) 113a. LDD regions 107a, 107b overlap the first wiring 102a and do not 
overlap the second wiring 113a. Thereby the first wiring has GOLD structure when 
gate voltage is applied thereto and has LDD structure when the gate voltage is not 
applied thereto. Thus the GOLD structure and the LDD structure can be properly used 
corresponding to a circuit type. 
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NOVELTY - Sub gate wiring (102a) and a main gate wiring (113a) are 
provided to N-type thin film transistor through insulating layer. A low 
concentration impurity area is formed overlapping sub gate wiring. A 
semiconductor area of capacitive wiring is formed on sub gate wiring layer with 
retention volume equal to channel formation area of thin film transistor or low 
concentration impurity area. 

USE - For electrooptical apparatus with liquid crystal panel. 

ADVANTAGE - Raises capability and reliability of device by distributing 
circuit of suitable capability depending on required specification. Secures sufficient 
retention volume by reducing rate of opening to 1 inch or less. 

DESCRIPTION OF DRAWING(S) - The figure shows the sectional view of 
CMOS circuit. 
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Main gate wiring (113a) 
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[0 0 3 9] £43, W®«ittt0 2- (A) tC^U ±ffi 

0*202 (b) ic^To 02 (a) . (B) \tm 

-©HffSIliTRIItS. 0 2 (B) £>A — 

a* , b-b' rw-Dfzm<nmwm\m2 ca> icist^ 

TA — A' , B-B' T^Lfc#»f®SiC^T5o 

[0 0 4 0] S-T, 12 (A) fCiSl^T, 2 0 0IJI 
S, 20 1 ttTHUfc. 2 0 2 a~ 2 0 2 ctelg 1 BEfe 2 
0 3 tt8ftBE*. 2 0 41111 *6igcJl, 2 0 5iiS2*6 

iTFT (NT FT) ©«ttJitt. y-*«*2 0 6. 
HW>«W2 0 7. &*0CTffitt19ltt (LDDiW 
2 0 8 a~ 2 0 8 d, 9-*r*M»tiiW*. 209 a, 209b 

[0 0 4 1] £35, Bi*TFTtt^y^y-h«iS*« 

±©TFT£iB*9fc*l*L;fcv;l^y- hiltLTfe 
Wfafcu. KK>«««iS*TF 

[0 0 4 2] £<DI5, §»SEi£2 0 3 iM*f«2 1 
0 (WWfltttH l/-f >«*2 0 7 
fcOHHT?*lieWi2 0 4*^^^*1*9 L«KC 

frtraff sns. c<or. as 1 mum 2 

0 4tLTl^>^ (Ta) , (Ti) , A'<J 

(Ba) , A7^A (Hf) . t'XTX (B 
i) . 9>7^> (W) , h'J^A (Th) . 3"J «!7 
A (TI) , *fctt» (Pb) A»5atfftfc7C*«^tr 



[0 0 4 3] cns<0»{t«lt4K^it»f|s|s**ri<i: 
d«ftI6ftTi3iJ, 10~10 0tl8«)»W*St. * 

* ^ <t # s © t# jg-e * a . 

[0 0 4 4] fcfc. R*flc©-»<!:&5Kfl3£*M9 1 
fisB 1 fettll 2 0 4 2 1 0 <fc<OJH5j&*K£; 

Stt»<!:*S*#flcM*»fiRT*l8. tt{tJiXK9 It 

if^Lvn £nfcJ;0*A4>©#n>tS©7t*;WgttJI 

© s \z ft m l t mvit £ n * c t & m < z t w-e * 

-5, 

[0 0 4 5] Sfc, $2£ftH2 1 l<7D±(rtt^2E«l 
2 12a, 2 12b, 2 1 2cri*»tt5tt-5. K52KiG£2 

1 2attU;bij»sy— hffii^TfeO, 2 12b, 212c 

[0 0 4 6] 2 1 3tt$lJin*y»JI. 2 14, 

2 1 5«^3BB^T^>D. 2 1 4#7-;*E» (V— * 

, 2 1 5 A* H U-i >E» (HW>«S£ 
*tf) 7?**. SSfc:. *©±lZttSB2Wi!l6«i2 1 
6, ^7-7^V7,^2 1 7a, 2 1 7 b, 36 3 JHfllfittJI 
2 18. ili^«ffi2 1 9tf«RW-Sft*. 
[0 0 4 7] fBiEttt£B2 (B) ic^-Tck^i: 

^riil2 0 2a. 2 0 2b. 2 0 2 cCKJMUjfc. 
-C«lglEiS2 0 2atty-Mt«<2:LT«f6LfcV>E 
ttffi. 2 0 2b, 2 0 2cttSttli£<BSa£«-e«D, ^* 

[0 0 4 8] ft is. ^CCSLfcSBllBBtt rmtHBIB 

[0 0 4 9] C0DB#. |glE^2 0 2 b. 2 0 2cttlS^ 
TFTOJS3ttJHtUTtMBr5. IP^. mffiMfe 1 J 

ffliLActtSi) ic:LT*3<o HI-6. B*TFTCi3V»r 

[0 0 5 0] S^tfii:Lttt, '>^t<ifefx^fi^ 
(llflKWCtttfT^fc^fl*- 8-8 VTlfi 

[0 0 5 1] AM-LCD»*^, h*5-f/X— 

sgi^-eaxficoffl^fliaiHiKtia*^ k «j ^xmg&ctT 

UbWl^. BP'S, *a*JpiS:?)fHa«te*«* 
0. WSi?iLTtt*ft«E#M*ftS. JMKt 



(7) 



#§1^12-194014 



[0 0 5 2] 3UK*£±iE<B«fc3fc*<£K««rLT*$ 

<:iT, *y UTaAiCcfcoTfg^Lfc*-^ 

[0 0 5 3] i<0±5lC^ir^JKfiEfS«2 0 9 a. 2 

o 9b<7)W.ffimmzmi8im2 1 2 bi:^ 1 gesm 2 1 2c 

[0 0 5 4] tats, tS5SiTFTg&T«fSl*ftgtll2 0 
4. $2|gM2 0 5*5<fctflMfcJialtllt9 l iTMS 
nfcfltJMM*. 851IE82 0 2 b. 2 0 2c£^+*JHe 
j£tiU*2 12 b. 2 1 2ct<OMK#«E-r*. *ift±. C 

£8«<&*»I) 3 l fiTF (#£L<« 

10^«)1KT) T&fttfTFT<0»ffKtt»»£-5-;t 

[0 0 5 5] £<B«fc3te*HffiiBffiK;KLfciB*-7MJ 
^XiBTttB*T F T t UTNT F T^fflU Sn. 
®«ifitt rHJgjgeglJ TtfcBJLAcCMOSlelg&CQNT 

ifitOit^ttBt^-r*) U^L&#<=>. CMO 

[0 0 5 6] gp-fe. *H*W©«*<0«p«tt, 
±{cra-«i&ONTFT*»j«LT**. SB 1 SE*8 
^y-hiE») KBJJlD-r**JBE®WfcKJ:oTGOLD 
*ittLDD#itci:*«v»»^*jaJC»*. £ftfcJ;0 

[0 0 5 7] &±C^Lfc*««"»©«JSC"3V>T. R 

[0 0 5 8] 

[Hflgffl] [Hflfimi *HJ6«Ttt, rnjg^sgU 
TttWbtCMOSEI!lOf^«^ffi»Ct?lr>T»Wr«. 

[0 0 5 9] Sfi3 0 0iLT^7XM5fflf 

u ^-cD±ir 2 o onmmnmtfypjm&z^yfm 

-CBl$.LTTi&m3 0 1 iLfc. fOJ:t;^l 
82*83 0 2a. 3 0 2b. 3 0 2c^MUt. SliEIS 

[0 0 6 0] gjjft. SlEi3 0 2a. 302b, 302 



[0 0 6 1] 5fc£, niS7,ny$mz&<0mi\L9>9)\< 

mzMi&vfz. *$mwvvmm& 1 o ~ 5 0 0 nm m 

£ L < (J 5 0-3 0 0 nm. £ b (Iff $ L<(1100~2 
OOnm) t Lft. i^T?»dt$n/tifcfk^ >^;U«3 0 

[0 0 6 2] fc*, IMfc^^fflt&tfMCfcM'JtfA 

(Ba) . J\7-<JA (Hf) . fX7X (Bi) , 9 
>yxf> (W) , MJfA (Th) . ^'J^A (T 
1) , 3Ltz.\m (Pb) a>SiItfftfc^*£-&t«Mfc0j 

£A± <*?SKtt2 OBLh) <a»MT*ntf&M&-3<fc|- 

[0 0 6 3] (y'j3» S^trfcWCfc 

£M?2*giliJ13 0 4£«/£Lfco *HJ6«7?tt*r5 0 

&I^U SiOxNy (x/y = 0. 01-100) T 

[0 0 6 4] *ftS{ta*«*fflV»**-&. S^O-g-W 
S*H*©^r*J:0fc#<-rS££TiBffi*l«(l±£-a: 

[0 0 6 5]&fC. 1 0niJPOtt{tS*«9 2*®J« 

u -e©±trs onnjira^aK^nt (a^-a-f) 

T^®C^-*LfeA^4 3 ©#P>^TFT1$tt 

[0 0 6 6] #tC, #B8¥ 7 - 1 3 0 6 5 2 n&Wi (tK 
HttiSWtO 8/3 2 9, 6 4 4£fctt*HttHH«0 
8/4 3 0, 6 2 3 K*f£) fflgi^^T^im 

Ac. 

[0 0 6 7] SblC. *H5£^JT«#IB¥ 10-270 
3 6 3^4>?g (*ffltUS§^0 9/0 5 0, 1 8 2 £» 
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[0 0 6 8] 10-270363 ^$8KiS«£ 

£ 1 x l 0 17 a toms/cm3j^T. JfSKIil X 1 0 16ato 
ms/cm3 £ T&flrT 5. £ £ € 6 . 

[0069] act. Mi,tzmB 3 m£mwkZrt5--> 

.^LTffi14J13 0 5, 3 0 6 £J£j5£L/to fc*S, 

[0 0 7 0] fc*S, Sffif 3 0 5, 3 0 6 &mtitf%ttl 

[0 0 7 1] #JA«, 3rfl 3«IC«T*7C*<!:UT# 
□ > £SMM(]l*l)t£# i:« in L, X 7 7 x L # n 

I«CDL€r^«IW»*ffoT. NTFT£cktfPTFTtf) 

[0 0 7 2] JfclC. fgttI3 0 5,3 0 6^t> SE 

«HMlT?«:-5SB3ie»ai3 0 7£®/SLfc. 
^XTCVDffiTlMfcSffcJisRW*! 0 OnmOiSi; 
MsXLrco ;L<0»3«»fIttSB2IE»**'r>y--hE 

[0 0 7 3] »fcSS2E*«!:fc*2 0 0 nmJPa* 

>9)VBk3 0 8&»J«Ufc. j»^J«3 0 8B)«IW 

[0 0 7 4] :5LT03 (A) <0#isat#sn;its. 
l/y7h77^3 0 9a. 3 0 9b*»«b. ^>^JH8 
3 0 8 Sl7f>^Lt. u^LT^>^iHTft;5^ 
2Ei3 10a«*nf;. COft 2 Eflt 3 1 0 af£B 
1 (A) ro^2S2^ (*-f >y-hE») 1 13al:ffi 
ST*. Sfc, ?>^«3 LObliNTFTi^ffl 

[0 0 7 5] &l£. 1 5^{CST^7r;^ (ttSWCtt'J 
>*ttt«t*) **JPL. «»K^*6«1!Ri«3 11.3 
1 2WLfe. *HflS0!n?Kl 5^(CP-TS7C^iL 

^90keVtL, l x l 0 16 ~ 1 x l 0 l9 atoms/cm 3 
(Jf$b<tt5 X 1 0 17 ~5 x 1 0 18 a toms/cni3) (DM 
flET'J >aiS&»JSft5J:5C H-X*S:MfBUfc. CtD 
L D D ftttt<Z>7tg<tfe*& K fc 50T«S KM 



Wr4*6JS**»5. (H3 (B) ) 

[0 0 7 6] fcfc. *W«»t , Ttt^©J:5AftfrTff 
*3nfc^M4*i*»ixg*'J> (n-) wgsJraiSit^ 
■5, 

[0 0 7 7] *IC, h7X^3 0 9 a. 3 0 9 b£ 

PJtiL. frfc(CU->*X 3 1 3 a~ 3 1 3d£Jf*j5£ 

Ufc. *L-C*>*JUfl!3 1 0b^l'vf>^LTS2 
Ei314a~31 4 c Lfc. ClOTlf? 2 3 1 4 

a~3 1 4ctt-5-ft-€ t ft«K0 1 (A) Off! 2 SSISi 1 1 3 

b. ii3c. 11 3dfc«aTs. 

[0 0 7 8] 1 3M\zm?Z>7im (ft^WiCtetf 

n>*fctt^fU^A) SrSSJnU KK>««3 15. 
V-*ffi«3'l 6£*lSUfc. ^Ot#R«?lcP 
TFT?)ft^J«fflS(3 1 7MB£Lfc. *HSS0iJ 
Tttl 3iRK:«-r*7C*tLTJKn>*ffl^. K»#8g 

£#<hUTS£. flQiSftm^: 7 5 ke V<hU 1 x l 0 19 
~5X 1 0 21atoms/cm3 (j?SL<ttl x.i 0 20~ 1 x 
1 0 21atoms/cni3) 0zSST#P>^JD$n-5=t5(; 
H-X*£H«Ufc. (0 3 (C) ) 
[0 0 7 9] ^WWfTttiOi^ttftfr-Cff 
tonfc^*fi«*JPXS*#n> (p++) w^jjniSi^ 

[0 0 8 0] #tC. hV7.i7 3 1 3 a~3 1 3d£ 

»^Xhv^3 18i-3 18d«» 

jsufc. *njs«-m. z.tn<Du^7, h^^^umm 
mytmzm^T&ftbfz. w-z. i/yxh?x^3 1 8 

a. 3 18c, 3 I 8d\tmimmrf~?Z.Z LfcQ. vv 
X hv?;i7 3 1 8mft2Em&-?7.9 tti^X^Z. 
COW. 3UE**-?*?4:fc*»&tt'>l,ft<0iag& 
*lE*«fc9fc««jM«Kfc3. CGDgJ 

mitmy&mz&rj xmw-rzz. twists-? &&. ip 
[0 0 8 i] zn€.cDU->*7; hvxi?^ tx? 

[0 0 8 2] d-5 LTUvX NVXi^ 3 1 8 a~ 3 1 8d 

>) CQasflQlSS:?? oAc» CC-C«Sna€JI€:9 0 k e 
VtL. 1 X 1 0 '9~5 x 1 o21 a toms/cm3 (J?£L< 
(ilxio2D~ixi O21 a toois/cm3) ©I«T'J >ffi 

[0 0 8 3] 75:t5. ^WfffTttiOi^ftftfrTff 

fent^««iasiniiss , J> (n+) co^snxst^ 

[0 0 8 4] ^OIii:iDNTFTC7-X(S«3 1 
9. KK>9W3 2 0. LDD««3 2 lii^t 
*JWBJ£««3 2 2#!I«£Lfc. :®IlTUP 
TFT05KU-T >««3 2 3iV-X««3 2 4(Ct>U 
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[0 0 8 5] I^LTNTFTiiOTTFTC-^t 
[0 0 8 6] ;i?LTB]3 (D) 0ttJBiW§Sttfc'&. 

i nnteM 325 

6. 3 2 7. KU-f >SiB3 2 8 *»J5ltLfc. (0 3 

(E) ) 

[0087] *nffi&mt%i i mrntmrn 3 2 5 <h t 

T. «WCS{k^*«t*5 0 nmML. £<5tcS£f!;]i 
*JBI i fe9 5 0 nm»JsKUfc2Jiflljttbfc. S&. *H 
Jfi«7f«V-XiB»3 2 6, 3 2 7*<fctf Hl/Offi* 
3 2 8 *. f^>I10 0nm. >^t?7;i'5- 
^Al3 0 0 nm. f ^>Il 5 0 nm^/V^ffiT 

a^ u tjbbs l fc 3 h mm. © mm» z -n > y l t 

[0 0 8 8] (E) K^ri oftfltigcDC 

MOSBS^lfc. *lfe68«OCMOS@»ttHl 

(A) tC*L£«igT&9. *t\\z-D^x<Dmm rn 

£&. 01 (A) ©«ift*»4»C*fcr3-C, #HJS 

«©fls»igK:Ej£Sft<5&Btt£^. ntf 

TS^^y-HfcitiU PTFT*-»W-I- 

[0 0 8 9] tt*3, *IBK«TKWLfcCMOSia»tt 
AM-LCDl:*HtHK5'fA- (M) ®g& (^7 

ft. D/A3>A-^IhI». r*jE@». *^T>ys 
[0 0 9 0] 2»^||fi«TttNTFT®gSlE»S^y 

[0091] cn^j 2 ] *sss60m* *%mm 2 j 

OS@i»t|i0l^fC»/«Sn5fc», HflS«l©fP«lS 

K*tjes-&Ttt9irs. ae^t. estovers 3 tra 
[0092] sr. ^5xifi3 0 0 ±.\zm^y^)v 

«T?ft5T*tt3 0 1 SrasSU *-©-tE3SlR*4 0 
la. 4 0 1b. 4 0 1c. 0 2«»ULfc. 



mifE8l4 0 1 aiffl2 (A) 0^lE«2O2a 
K. SIlgESU 0 lbttH2 (A) <nmi$Zm2 0 2b 
K. SlEi4 0 lc«0 2 (A) ©SBlK«2 0 2cC 

[0 0 9 3] Sfc. §»E$4 0 2te02 (A) 
Ei2 0 3CffiSt5. C*l5jB2EiBU3J:tflS 

[0094] nmm i z^izLxm i mmm 3 

0 3, «2lfift/l3 0 4*«fiSL>t. 5K2KIBJI3 0 4 

£®fiScLfc?>. CCT«*#^»£8tJ$T^*Eii&4 0 

T. SBllfi»B3 0 3 *«S$-tt-«. d<7>351*e»M© 

[0 0 9 5] £5 LTSS2lfi»)13 0 4®Iyf>^ 
»7Lfc5. SHt33§£l9 2 £#£K]££M (0^i± 

r> ^^^atL^^Ta^wtc^L. nafi^iic* 

LfciBftftlSiy-y^U >^Ig^iiiTiH^TFT© 
ffittf4 0 3*»)SI/fc. 
[0 0 9 6] C<758#. S14S«miE^4 0 1 b. 4 0 
lcKafcS«#TiII*TFT£»j*U #»E«l4 0 
2iaJS*»»T«J#«**»fiJcr*. BP*. IfTF 

-5. 

[0 0 9 7] £3LTgttJl4 0 3£»fi*LfcS. S2 
MMM 3 0 7. *>*JWK3 0 8«rJBfi*Lfc. CoLT 
04 (A) ©ttlgjWf&ftfc. ftis, BIKfJ&SSftT^ 
5CMOSWS3 (A) OttliCft*. 

[0 0 9 8] l/yXh-77,7404a~4 0 4c$ 

LTSB2EiBK0 5a~4 0 5cjW&S«*nfc. £ 
2E«84 0 5afS02 (A) co^2E^2 1 2afc. $2 
EH4O5b«02 (A) «ffS2E8i2 1 2 biC, S&2E 
^4O5c(J02 (A) 0^2El2 12cCf3T5. 
[0 0 9 9] #CK. »KLDD«SttS»J5rr3fc*©'J 
> (n-) <7>*iJDie*frV>. fiSg«ttf«4 0 6 
~4 0 8^B)SL7t. £0IgttH3" (B) «3IIC# 
JST*. fcT, 04 (B) ©IgKfcHT. ^2E«S 

[0 10 0] ^13. 03 (C) Cffi^rsiS^ffo 

X bT7.?4 0 9TiI?:I^. JKD>*«±<»JniSn 
fc^«fc3CLfc. (0 4 (C) ) 

[0 10 1] *C, Uv^l-^^^4 0 9*»SLfc 
«. IIS3 l effiia0l/yXhTX^4 1 0a~4 1 0 d 
*»J«Ufe. -f-LT. U> (n+) (TD^iPlSSrffVi, 
V— ^««4 11. KU-f>««E4l2. LDDffl«4 

1 3a~4 1 3d*3=fcU:f Lj r^JU^fiS«i«4 14 a. 4 1 
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fM§«3iM0y i<z5@ 3 (d> oiafcte^tfA^. 

[0 10 2] fcis, 0 4 (D) T(it»^CDMS±. 7- 
*1B«*KW>««i:iE«L.&a<. SB^T FTOia 

[0 10 3] 4 1 5TS$n^)tS^ 

0dTffi$n-5Ac», iSI6<li:LDDi«4 13a~4 1 
«) dOflWHJ. 3B1E*4 0 2K«ffi£6HJn 

4 0 2, $1|HM3 0 3 *5J:tf¥aMMH*4 1 5 T« 

[0104] S4 (B) ©ig-e&*E*4 0 2 
cd±.\zu>>z hT**£#£rfttf¥##«*4 i 5* 

^■fr*JW&3i««4 14 a, 4 1 4b<hl^-m«0. Eft 
[0 10 5] C<Z)=fc5l:. *HJt«f45 t r*;WBJ««* 

[0 10 6] £3LTU>*«ktf#n>©*iDiejWI* 

frofc. tLT. £ 1 JeiflMftftJI 3 2 5 *JBB)EU 3 > 
^^h*-J^MbTV-XEi4 1 6, Kb"f>E 
«4 1 7£»fi*L-fc. CHT14 (E) ©ttt8*» 
fc. C<D%f. CMOSlHl»ttB3 (E) ©ttli^ot 

[0 10 7] ^CtC, 7-*E*4 1 6 i5=ktf U-f >K 

HfltflTtt/'W ^->3 >H<h LT 3 0 M»<©$fl:& 
JRR*»J«U ^<0±tC7 0 0ii^<7>7iMj;UR*»J« 

BMtLTtt. tf'MaFffiS, tf'JTSFBI. BCB 

[0 10 8]*fC. 1 0 Onmm^^ymX'fSi^^y 
^VX^4 2 0a. 4 2 0b*»fiRLfe. -J^yf?*? 
4 2 0a. 4 2 0 bttj63ttt*Wr-5*T*ntfffi<D«l* 

[0109] #[CfS 3 RDMUM 4 2 1 Lfc. * 

[0 1 1 0] K\Z. ^31^14 2 1 C3>** h 
*-JU£ff£fi£U SWWtJH (ftgfftfctel TOSH) T 
tt«Bft«i4 2 2 ZBl&Lfz. Z\<Dm. iS^mffi4 2 



#J <0 fflgtfx- yt-HMK $ (iffiffi £ ITT -5 «k 5 lZ M 
tbnlt. 

[0 111] *HJfiffllT«h*U-r>Ei»4 1 7* 

rt*L-aB*TFTiiHJ|6«S4 2 2#m3WHC»tt$n 

TV»4**. BI3RTFT©KL"f >flU*4 1 2\ZftLT\B. 
8iiti4 2. 2£&^T3=fc?&«i££LTk«l*3& 

[0112] z.oLxm5 (a) t,zxkT£o?3imme>m 

ISi UTSBJ^mM^ffl V>Tig©S AM - L C D £fls 

£ AM- L C D £f£g}T5 3 i^Hg 

[0 113] 0 5 (A) ©ttSltftofcSfc^T' 

[o 1 1 4] as (a) (Dftmmznrzz, mmnm 

4 2 2±£EfflflU 2 3£8 OnBaffSKJBfiJELfc. * 
*fft&« £f£§3UfCo MF6]S««^^XSS4 2 4 
±C*7-7^M4 2 5. (*tlRj«f) 4 2 

6, E61K4 2 7£iBfiSLfct>©£Jp«L;fc. f LT, 
•t-ft-fnoEfclBU 2 3, 4 2 7 tC*tLT^f>^S 
SfflrJ. ->-JH* (Jtlttt) *«UT7^f^Vh'J 

f3i£H4 2 8SISWStfc. 
[0 115] 3ft*, irJt/*^ v7£i&£J#-r3fc&!>cox^ 

fWTOAM — LCD "5 lcX^-itz)»ft < TttJIs 

^wr^mnx-^^m^itmzm^ti.Kxh^o 

[0 116] u5LT§5 (B) lZ7n-tmm<DAM-L 
CD (B3RTh'J^^lHlll©»») ^Lfc. #HJ5S 

wc^ ufciB 2 smueftn 4istf3 mwM&am 4 2 

1 ti&Kicttlgffifti 1 fc*L^CMOS0»±trt)»j« 

Sfti^ifCJftS. 777^-7X74 2 0a, 4 

2 0b*H**«4 2 2£JBiS-r*£Elimc, 
i^tSfflTffilSWU *(5S«*AM-LCD 

fflh^^f /-?-iaK^fi#fflaia»ogi*isiLE* (*4 

[0 117] *^J5g0iJCOii^. aXTFTtiattSnfc 
^ 1 Ei®4 0 1 b. 4 0 1 cttftfttfitttCffiSLfc. 

-f (iE?L) £^lE^<C^l€fe< 

0J». SB 1EH4 0 1 b, 4 0 lc^7n-f-f >^tt!8 
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[0118] cns£0ij3} *$mwv\t*mftw<Dmx 

LtAM-LCDfflnSS0 6!:St. 

[0119] y^f^Thu^xMe o nctiiii^ 

6 0 3. ^a^idHlgS (y-hh'7-fn- 

i§i&) 6 0 4, mnmmmm (mn^vmm, d/a^ 
rmmM&%f) 6 0 5*«sn, fp 

C (7l/*->^ , J>h H t-+7h) 6 0 6#&0tt 
tt£>ttTV>-5>o 6 0 7te*f[aj3l«T**. 

[0120] ^CTTi7^^^VhUi7XS«6 0 1± 

[o i 2 i ] m 7 \zi3^x. 7 o naiB^v h u ^xia 

fflflfc^SBiLTtMB-r*. Sfc. 7 0 2 a 

tt->7hUy7^1sl^ 7 0 2bteU^JU->7*|5]8&. 
7 0 2cttAy7rilBT*-5. inST^-SISB^ 

[0 12 2] a7i;^LfcAM-LCD(D7'o-y 

[0 12 3] f-fc. 7 0 3att->7 hU5?**@». 7 
0 3bttl^^.;i/->7^[sl^, 7 0 3cttA*7 77@^ 7 

o 3dtt-tj->yj>^iai»T»i3. cns-efc*iiiaa< 

i:«7Uft-»i 4^1Sttb*iT^-5. 
[0 12 4] *JB«W*ffl^-5iItTH6^LfcJ:5 

»e»i«rs c mo s@ttttiuis« 1 ns£A«=t<. a 
*v h >j *?7.mmtfmm 2 tz$t%.\*&». 
[0125] rmmmm 

[0 12 6] fc*5. CMOS[Hl&CDg;fcflJifit201 
(A) a*Th'J^^®tt<oa*«ittt 
0 2 (A) KSLfcHKTraSfc*. *IUfi«Ttt&B 

tt3f \zn<% * n h Twm? % z t tr z . 

[0 12 7] ST. 08 (A) tC^LTtt&tteNTFT 
fflV-7flCLDD(JW4ft<l/. h'U-f >ffl©*fCL 
DDffi«8 0 1 £ffl:Wfc«irr»S. A'-fUSS^ 

ft^saasi^icffi t^nscMos tug&ttiSiSft^^® 



[0 12 8] *IKfcB<DCMOS@»©»d. It^y- 
CchK=toTGOLD«iI£ilf!U *7H*vU7a 

yufc (a^^fc) LDD«wstntfsi>. 

[0 12 9] SE^T, *fUft^JWi«fflV- 
XtR*«CJB»tliL DDffi*6Ktn*J< iJBttft 

< . ai o t v - ^ ««« t: » w 5 n l d d mmmtfi 

(A) W=k?&«it<hT3^tteftffrIS£&»T£± 

[0 13 0] 0 8 (A) 0«iifiy-^«*i K 

U-f >fiC«i**Xn»fcSiB3RTFT<OJ:3Aft^*-r 

V-*«*£J:tfKI^>«*#Hi£;5tt*fca, 0 8 
(A) <7)«fc5^«it*HS-rSCt^T*S. 
[0 13 1] rfcK. 0 8 (B) HS*«Ctt8 8 (A) 
£E«T**#, LDD««8 0 2«)«*»H8 (A) «t 
0!)i<MSntM. UteMfCfiO. 0 5-0. 5 
/za (»il<B0. 1~0. 3 mb) t-r*. 08 

(b) o«ifittv-x«««ojafitj«»*«:<-r&*w-c' 

[0 13 21 C<0<fc^^*iStt^[lR{cai/7 h l^X* 

[0 13 3] gjftt. «'&lC«ko-Ctt->7hU> f ^^@l& 
<B*NTFT<0LDD«*£^£K;(S<TJ:'3fc££ i & 

U5>X*0tt©NTFTl::ttLDD«i*#fc<, 

ICfJBl (A) ^0 8 (B) {c*ut«it*a«-r4 

[0 13 4] ^IC, |8 (C) BNTFTS^y- 
h«jfi, PTFTS-»y;i/y-hiitLfcCMOS 

8 0 4(Dh'K >ffittKifi^«tO*<DSgfflWC L DD^« 
8 0 5, 8 0 6*tfctt*. 

[0 13 5] 03 (D) (3SL£cfc5t-LDDM«<Z)ti 
£-7* 3 08 (C) fcifcLfc 

laci^tt)-?^ ? ^ v^n«>tffliJOT*ic l d Dmm 

[0 13 6] L^U *HJfiffi|©«t5fcy-Mfi« (SB 



(12) 
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2iEtt) 8 0 7a. 8 0 7bfc3SlE*8 0 8. 8 0 9i 

[0 13 7] ;iroj:5;&»ffifcT*££T7-*fK*« 
®LDD«*k:«fcS»tfU*fl-*fc<U y-Jfrf-vm 

[0 13 8] 0 8 (D) ©WitttiSSRVhiJi'X 

.@g&<0-HJfi»tBT«a. 0 8 (D) <o«ia©«-&. V 
-^«*Sfef4l 4 H'>«*lCi£V^ffl!l<0*JCLDD« 

«8 0 9, 8i0£13:tt3. SP^, r^fflft^WeE 

I*8llt8 1 2<B|imcttLDD«J*£ttttfcV>«ifi 

[0139] iiTFTc*^ ^mtM^mout 

W)ft*fT?Tz&V-*m$.ii A 
n#fe-5Ci:(C7i-5o fot. 08 (D) <0«ifi£-r* 

^y^ji&rfmms i its 1 2<Dfflz>ffim*n 
(TFTjo**>ttJ8c«aieK:atn** 

[0 14 0] fciS, 0 8 (A) - (D) OfcfcKfcH 

immtm 2 EisoffltsMtfLfc-t-cMB s^es 
[oi4i] *M&mo>Mis.\xm&m 1 . 2 ta 

*-&fe-fr&*i*££ttS--5*T*>fc<, lfeS6«3I^L 
fcAM-LCDKJflUTfc&l^. 
[0 14 2] C3WJ5) *HJfi«T»4iai (A) l:S 
L£CMOS[Hlg& J ?>0 2 (A) iZttLftWm^bVZX 
®VHZ&\i*X. »2E*©-«©*it££Afc»&©W 
^i9(;^t„ fcfi, 0 9 (A) {3*5^X01 (A) £ 

fc«B2 (A) tHi;«>«<o»»<ctti5-<ofiF^*f»ru 

[0 14 3] 0 9 (A) OCMOSIslgSte, ff5 2BEigJCD 
5 5*SflH&»Kffl?ST*tt#©*SB 1 WIN 9 0 1 
a, fc2«*»9 0 lb£S««LT»fiRLfc«JMt9 0 

lTfSta. #9MBWP"m9 0 lT^LfcSE*a8ti& 

[0 14 4] £<©cfc3ft*7*y Ki*iftK*Jlr>T. SB1* 
ft® 9 0 laO0»tLTtt^>^Jk ^^>. *n 

5. ^2ill9 0 1 bOWiLTIJSS/tB 



M«sflin*c: tarns 

[0 14 5] 5 ftfitii<hL£«£\ S6 2E*Q« 

(0 1 (B) ©11 3dT^^n-5Sf5^) tefg 
l#t!9 0 1 a£JS 2 9 0 lbT«ofc«lig<!:£ 

tztiL, z<Jimmt*\tm 1 9 0 1 ^m^ft 

*-e»*7;U5=^A^«^fB3lfettJl (IS 2 iEi®<7>T 
£3f^H<0Xffi£S{LJi*K£»W-Ti5<£. 

=-5i»^«i«)iK«[Sja*wici»±-r*^<i:**RrjB-c» 
a. 

[0 14 6] *^5£^Jco«it«iii^v f» u 
gSII^LTfcilffl-e^ao 0 9 (B) <D!i*vHJ*A 

[0 14 7] gjtt. 09 (A) . 09 (B) K^Lfcia 

[0 14 8] Sfc. HJfi«)3«)AM-LCD^iiffl-rS 

[0 14 9] [§gSS#J6J **J6W-CttH 1 (A) 
LfcCMOSllgS J ^0 2 (A) l;^LitIl'7MJl'X 
®»E*HT, NTFT»LDDfR«<Offi«*H«:*fe 
0>£Lfc»&0>«l*Bl OK^T. fcii. 010 (A) 

k^thi (a) ifc«B2 (a) tracawtawa- 

[0 15 0] 010 (A) CSLfcCMOSIRTH, 
NTFT©y-htIl 1*<LDD««1 2 a, 12MC 

DDf9E12a, 1 2 bicB£oTl>3g|5#<Dfi£« 0 . 
1-3. 5 wm (ftSEWKlttO. 1-0. 5 mid, ffSL 
<tt0. 1-0. 3um) iL, y-MIll#LD 
DS«tl 2a, 1 2bCSfcoTV>fcn8Mi'<8fi£ttO. 
5-3. 5u« (ftaMlCttl. 5-2. 5(ii) <hTn 

[0 15 1] £<0.fc3&«i6-m. y-htllliL 
DDtR«12a, 1 2b£#Sfc*fflWi--efciSEKWKGO 

MlCLDD«ifi«i:ra«(Z)SS*SS-r. 75:43, COfi&O 

[0 15 2] £©«fc3&flliI<0««£LTtt. 

»^LDD««fCJ;i5^-7<SfE03itJni*«l»A*n*. 
ttHlO (A) 0>*li&#**r2i-ca3. 



(13) 
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C01531H10 (B) \zfikLrzmm^h>)>7XM& 
<Dm^hmm-c&<o, a*TFT<oy-Ksi 3 a. 

1 3M*£-£>t>1bLDDffimi 4a~ 1 4d#y- h«S 
13a, 1 3b£«£S«*#«fctfSfcSfcV>««£WL 
fc»iI£:fc^TV>*. dcDif^. if 1 KiSii 2 0 2 b, 2 

0 2c(4^y-hffi^£LT&&g$-t±&^<D-C. .y- 
htSl 3a. 1 3b©*-e^r*^»J««*<0WI&i&i§l 

.[0154] r3Uts»|g2j TK^LfciB*TFTO« 
ilT(4. W*TFTa^±fcLDD*ii£LTlMFr* 
<fc5&*ift<i:fc:5TH*. L^L&^b. 010 (B) 

[0 15 5] fciJ, **Jfi««)«ifit4liSfi«3 0AM- 
LCDl:ilfflt5^ttt€5L, SOS0t]4. 5£i£L 

1 *> g es ca^busc tanrrtg-c* s. 
[0156] im&m i ) *nsfi«Ttt h a-b» 

JCfflVJSCMOSIll»KfeV»T. NTFT<£*7«Sfe£ 

[0157] 111 (C^T. NTFTCLDDf«2 
1. 2 2(1 HKW£fSllE«l 0 2a£«£oTtr>* 

1 E*S§i 1 0 2 aty- h«Ej&*BMjqSftfclR, 1110 

y- httSCfi&o T L D D«*SWf **iti 

[0 158] £<0«fc5fr«aHilS«mT&fJt9!UfcJ: 
SK. GOLD«it«3fi]jaT»5*>*at<0*fl:*|»< 
M^fl, GOLD«ia©^T»4*7«at 

x. iMffc«nfc««tt£*r-rscMosi§i»£»$" 

[0 15 9] Sit. ££TttCMOSI3g|0*££0!!K: 

[0 16 0] Sfc. *3fcMS«©«iB**B-r*fc»C 
tt, &860UOB3 (D) fcSLfcXgfciJUTOTiai 

iof lEii^i^i^vxhvx^^ift, * 

U> (n+) <Z)»a0XS*ff^.fi*IIJfi«O«it 
[0 16 1] fcii. LDD«tt<0fi«5 (y-htSCI 

[0 16 2] fc*S, **«S«Ofllj5R«l|Jfi«3©AM- 

[0163] 8 ] #Hfig0iJT(4. %Mm 1 * 



[0 16 4] JMfclfttCtt. *MIK¥«tt0tattafl:££ 

7JlO*>U— if— ft. YAGl/— tf-ft»*J8V>T 

[0 16 5] x^^-7U— tf-JtiLT«, KrF^f 
X. XeClSX, ArFiJX^ft^tLTffl^ 

« s ar c: t t ipx l x ssi »® c fia » l . 

[0 16 6] fcJ3, **S6«0«fiJt«|^l(S«175MIIJfi 
{PJ 7 0±T<75«^ t £ * Kifi*^fc-|±-5 C id*nIiBT* 

-5, 

[0 16 7] CH%«!9] *0SS6W;i«ttll 

-e jg v > fewest* s ¥»«Kfr b -r 

ffofc^J^^To **3S0ra4-5-<7>^&<!:LT. 

1 0 - 1 3 5 4 6 8 0RSttiB## 08/95 

1 , 19 3 *fc«i»H¥ 1 0- 1 3 5 4 6 9f 

(#Htti«#^0 8/9 5 1, 8 1 9fC*fJ6) (CIS 

[oi6 8] ra^«tcE«snfca«tt. #HK¥## 

x 1 0 ^atoms/cn^T. $?3;L<(41 x l 0 16atoms/c 
■3 S * C £ # £ * . 

[0169] *m&m<Dm&\twmm£fm 

m 8 £>£T<75«f££:g SCa*^l3lt5 :t«TS 

s. 

[0170] cuastt i o ) *nmmT'\t, nmw 1 t 

Sbt'J >KJ:*y-y*'J >yxg£>»J»J8K:onTSi 

ht*. fc*s. s*Mftxg(4s 1 

[0 17 1] ST. l8Jfi«10XgtCtEoTH3 (D) 
<&ttl8*»jfc. 012 (A) (403 (D) ©tt!8i»Sl^ 
-✓X b^X? 3 1 8a~3 1 8d*»*LfcttlB**LT 

[0 17 2] £0)1$. NTFTOV— Xffi«3 1 9&tf 
H l^-f >«« 3 2 0. mmz PTFTfflh'U^ >«« 3 

2 3fttfV-X«tt3 2 4CHL X 1 0 19~ 1 X 1 0 21 

atoms/cm3 <»S U < (4 5 x 1 0 20 at oms/cm3) C9?8g-e 

[0173] *^ss^T(4cro««iT. as^maf-e 

5 0 0~8 0 0r, 1~2 4l^m. «A«6 0 0TC, 1. 
2^£7)Jnl»iS0 : acOXS$rfi : ^o CCOXSlCcfcO. ^ip 

$nrci 3^^fc(4i 5«nc»-rs^*e«i7c*sstt{t 



(14) 
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SI x l Ol7 a tras/cB3&Tfc*TfiWf*£i:#T£ 
fc. (0 12 (B) ) 

[0 1 7 4] m 1 2 (B) ©IgjWKTLfcS, fit*© 
IgttHififll 1 ©IgKfiEAfcf. 13 (E) \Z*?£o 

[0 17 5] fcis, *IU(Sffl©#l/«ttlfEi6«l75MSI«l 

s.. 

coi76] twm 1 1 j *3ue«Tf4Hffiw i ttt 
« mure c m o s his £^§a l Ac«-& <c^> ^ ti 

1 3£J8V>TR9!r*. 'J><0fU>D£«<Dl 5 

©1 3KK:JilT*7C*«:JHV>Tfc&^. 
[0 17 7] ST. HJ6m<BISK:«EoT, 0 3 
(B) ©Ig$T£»7S-tJ-fc. 013 (A) IJ0 3 

(b) tmc#.mzm™LT&K), m-nzmztfLT 

H<5. :©IIfJU> (n-) CD3s»DIgT£ 0 . ffizf 
SWMWS3 11.31 2««M*nfc. 

[0 17 8] *IC, l/-/Xh7X?3 0 9a. 3 0 9b£ 
Jraf»t££fflHTUv* hV7.?2 6 
a. 2 6bS»«RLfc. ^LT. SU£0iJ 1 tPI*©**]*. 
f£T'J> (n+) ©*HPXaSfTt». NT F 
M«2 7, FH>«*2 8. LDDf«2 9a. 2 9b 
*S«tt^5 1 -v^U»«ffl*3 0*»fi!tLfc. (013 

(B) ) 

[0 17 9]^ld. UvT. 2 6 a. 2 6b£f&£ 

l/y^hVX?3 1a~3 1d5:Ml > 
JH3 1 0b*Xy^->^^T3J2IE«3 2a~3 2c£ 
JBJSLfc. ^LT. Z©tt»T?Hai«l©jSiP*ftCSe 
ot#D> (p++) <oaSJlHfi*fft». PTFTCKt/ 
-f>fiS3 3, 7-Xf«3 4*J:yft^l'MIlS 
3 5^j5Lfc. (01 3 (C) ) 

[0 18 0] *St;K0ia«£. #n>£8sflnT5i;Tte 

PTFTOSttJittt'JV^jlSJPSnT^&lriO-C. # 

[0 18 1] C?LT013 (C) <0IgjWK7Lfc 
fc. iOaH4SSJfi«l<OXSlCt£o-CCMOSIl»*ff 
»rn«&V>. iSiLT«i3 (E) i^Lfcflfil** 
S*£3n*jJ«, %mm l t©l^«PTFT©V-XS 

-So 

[0 18 2] ft*. 4c^l8fflOf^»lSf4, 3»J 1 C 

&^ti smzmrzytm&tztei sm\zmtz>7tm<n 



\z-D^x\t%mm i £!M*icrntf&n. 

[0 18 3] *^Jg«sl<D^lSlgliCMOS[siK 

[0 18 4] *3IJfi«©»J«ttl5S6«4~l 00 

AOM^c <t & g da 5 itiiilE?* 

5. 

[0185] CUSS^J 1 2 ] *HSg#tlT« r%figft*Sg 

2 J IC^LfciBSRThU^^lHlBCiSHT. 
WifiSJIfcSfcOtUfcfllSHl 4lZmT, ft& 
S«©*ii£tno»»ttH2 (A) (C^LfciS^Vh'J 

[0186] hi 47?tt*ie«<&#i4-e«4*>*;u 

L-T. »:#*PI-«:|*KX-;y*->^Lfc. *r<Dtz$>. % 
1 SEi& 3 5 a~ 3 5 c*3ctO:#*E^ 3 6 <D±fC. H— & 
ttTm 1 *g)StS 3 7a~3 7c*3cfc^3 8tf«#jdiSnfc. 

[0187] z.onm.$:mmTz\z\t> mit?>*)vm 

Xiri^ f*7^Xy?>^CJ:0l»*r**». r?>^ 

«t©aiRit***e««i«r*^<h*«T?**o-c. m 

fBfW»£J:0*>*;WK£Sr££j&*T**. 

tt. ?x>y hXu/3=->^C«fcg*{fc*>*;U*£V** 

[0 18 8] HI 4TttB^£ftTt»£^a<, IB 

/**-x>^r*iK. <£fctt**K*i) ^ 

[0 18 9] EA±©«fc5C. *HSS0iJ©«^r, #*gEi& 

3 6. I81&&B «Mfc* >*;]/«!) 3 8 

[0 19 0] gitt. *i»«ttSli!lil,OaA 

(Cr) . :P^> (Ti) . ^>nf> (W) . t'J 
?r> (Mo) . $fcf4^'j3> (S i) a*sstf**i;fc 
7C**£fiWJ'<i:r*#«JII. AMEtc* 

fctt^u-tf-f \ i s&£mmLfzmmmzm^2>m&izi5^ 

Tt)&M?Z 

[0 19 1] fcis, *£fi&0l<7)«ti£K. UGiE«3~l 1 

as. 

[0 19 2] Cfgfflgff! 1 3) *HJfi«-Ctt rHJfiJEJffi 
2j KSLfca*VH»Jir^liaciSV^T. «}##ftCD 

#»CDlSjli!y,^»gR»«0 2 (A) lCij*LfcH*VMJ 

TM«t5. 



(15) 
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[0193] *nj&wvit, 04 (A) KiiHTSBie 

i401a~40 lci5=fcD^*E8l4 0 2*»J«Lfc 
lS*frV^ J»K{tC«tORffc3'>3';U«4 0a'-4 0c 

[0 19 4] «iSf{klS«4 5 0~6 0 0*C (#7XS 
«*ffl^*BR«4 5 0~5 0 0 *C £T5 Cti'ffi L 
-H) CDfifltfBBTfrSC^TSS. SflEtl^lBIlCifcW 
LTflUHfiflWDT*^. £lE*<0flUPfcSK 

[0 19 5] IMTKKKfflfc^ 

m<t^y^^m^mm^< i o~5 OMtnofcw^ 

[0 19 6] £UL©J:3»C. *H5S#J©*3-. #»Ei& 

4 0 2, min&mm (mmit^Dm^nrcm^y 

9)Vm 4 l*i^¥»#««4 2T?««rS*d«»«S 

[0 19 7] gjfr *f|Jfi0i.lW:fSlEiR£LT*nA 
(Cr) . (Ti) . ^>nf> (W) . ^E'J 

7 r x> (Mo) . SAc«xUn> (Si) a*SjItfftfc 

[0 19 8] Jft»tffiKJ:oX»fl:-rs«t)OfC 
[0 19 9] 34*5, **lfi«0«jatt. ^JS#I3~1 1 

[0200] 1 4 ] *nas«Ttt» i szmzfc 

*nmm\z* mmm9iz^vrc^o^ 7oo~i 
1 5 ox:^^rzm^umx'(Dmmmxm^ts^mx 

[0 2 0 1] 1 K&teS14!ltf>ffi2J«cfc o t>mt:»»« s 
^©B#. % l E»*»£T5J«#7c*3W«*2:*Stfo< 

itT, E^sin^tt jn-r * £ ^ fc hh#£ i; 3 a . 

[ 0 2 0 2 ] #!86fi«0)»&. 0 1 6 (Z^Tck 5 
iLTiHJIMt®iB«'>S35S«4 5 ^H. 
{k**M:Jtfc ^ 'J 3 >*«***fflt£SW-&-fe7 5 y * 



[0 2 0 3] *-LTsBlE*4 6a~4 6c*S«fctfSME 
«4 7 0tffttLTtt. ^>yXT->->'J-tK K (WS 
i x : X = 2~25)§t46al£->'J3> (Si) &4 

-e*>av>U •>'Ja>lx^>nr>y | J^ KIRS 

[0 2 0 4] ftfc, SBlE*4 6aO*e»IBUfc*«, 
SB 1 £84 6 b. 4 6c£cktf#4E8S4 7 t>IWc*> 

[0 2 0 5] £<BJ:5fc*m£Jfl^*££T»K:7 0 0 

~i i 5 ori^^^B^ss-c.^ais^fT^Tfc 

^>^^^>->'Jit< KK4 6al©E«Jafit®ifMin£Ja 

ft, ^>^x>35«Bfi3l5t«^'r4<0*l»<3i^T» 
[0 2 0 6] tefc. i'/^f/v'J^ KK©ffcbO 

(Mo S i x) R. ^^>->'JiJ-f F (T i S i x) 
At. 3A;H«i/U^ H (CoSix) I, *>*;u-> 
'Jt<F (Ta S i x) UMIESJBHTfcfcfofcH. 

[0 2 0 7] SSlE^£t,T¥#£jii8l (ftXM 

[0 2 0 8] feiT, 9>*)im. -?>?XT>mt^ 
■3fc*fr&MR*-> 'J 3 HWitK-rn 
tf , Tffl t ^ 5 J: 5 tt»fi -/n -fe ^ ^ fe » A S MS 

1 EfcSJBJTr * d <h#T£ So 

[0 2 0 9] fcfc, *IB6fi««)flll«tt*ffliffl l~13ffl 

mimii&mim t 1> g stcfc^fci*-* ^ t ^bjiet* 
[0210] c^ss^j 1 5] *0ftS60>ma r^mmm 

««<0#Kt£W1-(0«fl-ttBI 2 (A) £SLfciB3ir?HJ 

[0211] *mm&mt. £?m 1 *e*n 5 0 sr^/* 

Ufe^. ^2|gil5 1, &{(:J£*St5 2. ^£K%« 

[0212] *^0»JT«. $ 3 ttftH 5 3 

t>TSB 3 lfi»Ji 5 3 . SE^*B15 2. ^2^)1 5 1 



(16) 
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[0 2 13] fit, C<73:t#*gTSfS2Eft5 4a~5 4c 
43±tf±«**Eft5 5£»j£Ufc. #J!H. SB2Eft5 
4a~5 4c£±gfl#»Eft5 5ttl^— JiT!**. 
[0 2 14] Z\<D£o\Z. #3i|j5g0iJT-«:^»Eft5 6. 
SBl*g**B5 0#«fctf±8Rg*E« 5 5 
fiELTlr>*ja fcfc'U ^Oi^, §»E 

»5 6*fctt±»«*E»5 sot'ssa***. mmmm 

[0 2 15] £4b\ *HM^J©«^«, 3»J3~1 4 
£>£nf5J£ i fe S £ Kfcft^fe-t*-* d i ^nJggT" 

[0216] cuss^i 1 6 ] ^mmm-ct mm&m 
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[ABSTRACT] 

[PURPOSE] 

Providing a semiconductor device with a TFT structure with 
high reliability 
[MEANS] 

In a CMOS circuit formed on a substrate 100, a subordinate 
gate wiring line (a first wiring line) 102a and main gate wiring 
line (a second wiring line) 113a is provided in an n-channel 
TFT. The LDD regions 107a and 107b overlap the first wiring 
line 102a and not overlap the second wiring line 113a. Thus, 
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applying a gate voltage to the first wiring line forms the 
GOLD structure, while not applying forms the LLD structure. 

In this way, the GOLD structure and the LLD structure can 
be used appropriately in accordance with the respective 
specifications required for the circuits. 

[Scope of Claims] 
[Claim 1] 

A semiconductor device having a pixel matrix circuit 
that includes a pixel TFT and a storage capacitor, characterized 
in that: 

the pixel TFT has a channel formation region formed 
above a first wiring line with an insulating layer sandwiched 
therebetween, and has a low concentration impurity region that 
is in contact with the channel formation region and overlaps 
the first wiring line; and 

the storage capacitor is formed from a capacitor wiring 
line formed on the same layer as the first wiring line, from 
a semiconductor region that has the same composition as the 
channel formation region or the low concentration impurity 
region, and from a part of the insulating layer. 

[Claim 2] 

A semiconductor device having a plurality of pixels 
each of which includes a pixel TFT and a storage capacitor, 
characterized in that: 

the pixel TFT has a channel formation region formed 
above a first wiring line with a first insulating layer and 
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a second insulating layer sandwiched therebetween, and has 
a low concentration impurity region that is in contact with 
the channel formation region and overlaps the first wiring 
line; and 

the storage capacitor is formed from a capacitor wiring 
line formed on the same layer as the first wiring line, from 
a semiconductor region that has the same composition as the 
channel formation region or the low concentration impurity 
region, and from the first insulating layer. 

[Claim 3] 

A semiconductor device having a plurality of pixels 
each of which includes a pixel TFT and a storage capacitor, 
characterized in that : 

the pixel TFT has a channel formation region formed 
above a first wiring line with a first insulating layer, a 
second insulating layer, and a silicon oxide film sandwiched 
therebetween, and has a low concentration impurity region that 
is in contact with the channel formation region and overlaps 
the first wiring line; and 

the storage capacitor is formed from a capacitor wiring 
line formed on the same layer as the first wiring line, from 
a semiconductor region that has the same composition as the 
channel formation region or the low concentration impurity 
region, and from a laminate of the first insulating layer and 
the silicon oxide film. 

[Claim 4] 

A semiconductor device according to any one of claims 
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1 to 3, characterized in that the first wiring line is 
appropriately a conductive film mainly containing an element 
selected from the group consisting of tantalum (Ta), chromium 
(Cr) , titanium ( Ti ) , tungsten (W) , molybdenum (Mo) , and silicon 
(Si), or an alloy film or silicide film containing the above 
elements in combination, or a laminate of the conductive films, 
the alloy films, or the silicide films. 
[Claim 5] 

The semiconductor device according to any one of claims 
1 to 3 , characterized in that the channel formation region 
of the pixel TFT and the semiconductor region of the storage 
capacitor are formed of the same semiconductor layer. 

[Claim 6] 

A semiconductor device according to any one of claims 
1 to 3, characterized in that the first insulating layer is 
appropriately an oxide or halogenated compound containing an 
element selected from the group consisting of tantalum (Ta) , 
titanium (Ti) , barium (Ba) , hafnium (Hf ) , bismuth (Bi) , tungsten 
(W), thorium (Th), and lead (Pb) . 

[Claim 7] 

A semiconductor device according to any one of claims 
1 to 3 , characterized in that the first wiring line is in floating 
state. 

[Claim 8] 

A semiconductor device according to any one of claims 
1 to 3, characterized in that the first wiring line is kept 
at the lowest power supply electric potential. 



5 



[Claim 9] 

A semiconductor device according to any one of claims 
1 to 3, characterized in that the pixel TFT is connected to 
the source wiring line and the gate wiring line, and the storage 
capacitor is formed under the source wiring line and/or the 
gate wiring line. 

[Claim 10] 

A semiconductor device having a pixel matrix circuit 
and a driver circuit that are formed on the same substrate, 
characterized in that: 

a pixel TFT included in the pixel matrix circuit and 
an n- channel TFT included in the driver circuit each have a 
channel formation region formed above a first wiring line with 
an insulating layer sandwiched therebetween, and each have 
a low concentration impurity region that is in contact with 
the channel formation region and overlaps the first wiring 
line ; 

a storage capacitor included in the pixel matrix circuit 
is formed from a capacitor wiring line formed on the same layer 
as the first wiring line, from a semiconductor region that 
has the same composition as the channel formation region or 
the low concentration impurity region, and from a part of the 
insulating layer; and 

the first wiring line connected to the pixel TFT is 
kept at the lowest power supply electric potential, and the 
first wiring line connected to the n-channel TFT is kept at 
the same level of electric potential as a gate electrode of 
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the n- channel TFT. 

[Claim 11] 

A semiconductor device having a pixel matrix circuit 
and a driver circuit that are formed on the same substrate, 
characterized in that: 

a pixel TFT included in the pixel matrix circuit and 
an n- channel TFT included in the driver circuit each have a 
channel formation region formed above a first wiring line with 
a first insulating layer and a second insulating layer sandwiched 
therebetween, and each have a low concentration impurity region 
that is in contact with the channel formation region and overlaps 
the first wiring line; 

a storage capacitor included in the pixel matrix circuit 
is formed from a capacitor wiring line formed on the same layer 
as the first wiring line, from a semiconductor region that 
has the same composition as the channel formation region or 
the low concentration impurity region, and from the first 
insulating layer; and 

the first wiring line connected to the pixel TFT is 
kept at the lowest power supply electric potential, and the 
first wiring line connected to the n-channel TFT is kept at 
the same level of electric potential as a gate electrode of 
the n-channel TFT. 

[Claim 12] 

According to another structure of the present 
invention, a semiconductor device having a pixel matrix circuit 
and a driver circuit that are formed on the same substrate. 
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characterized in that : 

a pixel TFT included in the pixel matrix circuit and 
an n- channel TFT included in the driver circuit each have a 
channel formation region formed above a first wiring line with 
a first insulating layer, a second insulating layer, and a 
silicon oxide film sandwiched therebetween, and each have a 
low concentration impurity region that is in contact with the 
channel formation region and overlaps the first wiring line; 

a storage capacitor included in the pixel matrix circuit 
is formed from a capacitor wiring line formed on the same layer 
as the first wiring line, from a semiconductor region that 
has the same composition as the channel formation region or 
the low concentration impurity region, and from a laminate 
of the first insulating layer and the silicon oxide film; and 

the first wiring. line connected to the pixel TFT is 
kept at the lowest power supply electric potential, and the 
first wiring line connected to the n-channel TFT is kept at 
the same level of electric potential as a gate electrode of 
the n-channel TFT. 

[Claim 13] 

A semiconductor device according to any one of claims 
10 to 12, characterized in that the first wiring line is 
appropriately a conductive film mainly containing an element 
selected from the group consisting of tantalum (Ta), chromium 
(Cr) , titanium (Ti) , tungsten (W) , molybdenum (Mo) , and silicon 
(Si), or an alloy film or silicide film containing the above 
elements in combination, or a laminate of the conductive films. 



the alloy films, or the silicide films. 
[Claim 14] 

The semiconductor device according to any one of claims 
10 to 12, characterized in that the channel formation region 
of the pixel TFT and the semiconductor region of the storage 
capacitor are formed of the same semiconductor layer. 

[Claim 15] 

A semiconductor device according to any one of claims 
10 to 12, characterized in that the first insulating layer 
is appropriately an oxide or halogenated compound containing 
an element selected from the group consisting of tantalum (Ta) , 
titanium (Ti) , barium (Ba) , hafnium (Hf ) , bismuth (Bi) , tungsten 
(W) . thorium (Th) . thallium (Tl), and lead (Pb) . 

[Claim 16] 

A semiconductor device according to any one of claims 
10 to 12 , characterized in that the pixel TFT is connected 
to the source wiring line and the gate wiring line, and the 
storage capacitor is formed under the source wiring line and/or 
the gate wiring line . 

[Claim 17] 

A semiconductor device, characterized in that the 
semiconductor device according to any one of claims 1 to 16 
is an active matrix liquid crystal display or an active matrix 
EL display. 

[Claim 18] 

A semiconductor device, characterized in that the 
semiconductor device according to any one of claims 1 to 16 
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is a video camera, a digital camera, a projector, a projection 
TV, a goggle type display, an automobile navigation system, 
a personal computer, or a portable information terminal. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field to which the Invention belongs] 
The present invention relates to a semiconductor device 
having a circuit composed of a thin film transistor ( hereinafter 
referred to as TFT). For example, the invention relates to 
an electro-optical device represented by a liquid crystal 
display panel and to electronic equipment mounted with the 
electro-optical device as a component. 
[0002] 

In this specification, a ' semiconductor device ' refers 
to a device in general that utilizes semiconductor 
characteristics to function, and electro-optical devices, 
semiconductor circuits, and electronic equipment are 
semiconductor devices . 

[0003] 

[Prior Art] 

A thin film transistor (hereinafter referred to as 
TFT) can be formed on a transparent glass substrate, and hence 
its application to an active matrix liquid crystal display 
(hereinafter referred to as AM-LCD) has been developed actively. 
A TFT utilizing a crystalline semiconductor film (typically, 
apolysilicon f ilm) can provide high mobility , making it possible 



10 



to integrate functional circuits on the same substrate for 
high definition image display. 
[0004] 

An active matrix liquid crystal display device requires 
million TFTs for pixels alone when the screen is to have high 
definition. Its functional circuits also need TFTs to further 
increase the number of required TFTs. Each of these TFTs has 
to have secured reliability and operate stably in order to 
realize stable operation of the liquid crystal display device. 

[ 0005] 

However, the TFT is considered as not so equal in terms 
of reliability to a MOSFET that is formed on a single crystal 
semiconductor substrate. The TFT experiences lowering of 
mobility and ON current when it is operated for a long period 
of time, as the MOSFET suffers from the same phenomena. One 
of causes of the phenomena is characteristic degradation due 
to hot carriers that accompany enlargement of a channel electric 
field. 

[0006] 

The MOSFET, on the other hand, has the LDD (lightly 
doped drain) structure as a well-known reliability improving 
technique. This structure adds a low concentration impurity 
region inside a source • drain region. The low concentration 
impurity region is called an LDD region. Some TFTs employ 
the LDD structure. 

[0007] 

Another known structure for the MOSFET is to make the 



11 



LDD region somewhat overlap a gate electrode with a gate 
insulating film sandwiched therebetween. This structure can 
be obtained in several different modes . For example, structures 
called GOLD (Gate-drain overlapped LDD) and LATID 
(Large- tilt -angle implanted drain) are known. The hot carrier 
withstandingness can be enhanced by these structures. 
[0008] 

There have been attempts to apply these structures 
for MOSFETs to TFTs . However, application of the GOLD structure 
(in this specification, a structure having an LDD region to 
which a gate voltage is applied is called a GOLD structure 
whereas a structure having merely an LDD region to which a 
gate voltage is not applied is called an LDD structure) to 
a TFT has a problem of OFF current (current flowing when the 
TFT is in an OFF state) being larger than in the LDD structure. 

For that reason, the GOLD structure is not suitable for a 
circuit in which OFF current should be as small as possible, 
such as a pixel matrix circuit of an AM-LCD. 
[0009] 

[Problems to be solved by the Invention] 
An object of the present invention is to provide an 
AM-LCD having high reliability by constructing circuits of 
the AM-LCD from TFTs having different structures to suit the 
respective functions of the circuits. The invention aims to 
accordingly enhance the reliability of a semiconductor device 
(electronic equipment) having this AM-LCD. 
[0010] 
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Another object of the present invention is to provide 
a TFT structure for reducing OFF current as much as possible 
and a structure for improving a capacity of a capacitance storage 
(also called an auxiliary capacitor) for a pixel matrix circuit 
of an AM-LCD . 

[0011] 

[Means for solving the Problems] 

According to a structure of the present invention 
disclosed in this specification, a semiconductor device having 
a pixel matrix circuit that includes a pixel TFT and a storage 
capacitor is characterized in that: 

the pixel TFT has a channel formation region formed 
above a first wiring line with an insulating layer sandwiched 
therebetween, and has a low concentration impurity region that 
is in contact with the channel formation region and overlaps 
the first wiring line; and 

the storage capacitor is formed from a capacitor wiring 
line formed on the same layer as the first wiring line, from 
a semiconductor region that has the same composition as the 
channel formation region or the low concentration impurity 
region, and from a part of the insulating layer. 

[0012] 

According to another structure of the present invention , 
a semiconductor device having a plurality of pixels each of 
which includes a pixel TFT and a storage capacitor is 
characterized in that: 

the pixel TFT has a channel formation region formed 
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above a first wiring line with a first insulating layer and 
a second insulating layer sandwiched therebetween, and has 
a low concentration impurity region that is in contact with 
the channel formation region and overlaps the first wiring 
line; and 

the storage capacitor is formed from a capacitor wiring 
line formed on the same layer as the first wiring line, from 
a semiconductor region that has the same composition as the 
channel formation region or the low concentration impurity 
region, and from the first insulating layer. 

[0013] 

According to another structure of the present invention , 
a semiconductor device having a plurality of pixels each of 
which includes a pixel TFT and a storage capacitor is 
characterized in that: 

the pixel TFT has a channel formation region formed 
above a first wiring line with a first insulating layer, a 
second insulating layer, and a silicon oxide film sandwiched 
therebetween, and has a low concentration impurity region that 
is in contact with the channel formation region and overlaps 
the first wiring line; and 

the storage capacitor is formed from a capacitor wiring 
line formed on the same layer as the first wiring line, from 
a semiconductor region that has the same composition as the 
channel formation region or the low concentration impurity 
region, and from a laminate of the first insulating layer and 
the silicon oxide film. 
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[0014] 

In the above structures, the first wiring line is 
appropriately a conductive film mainly containing an element 
selected from the group consisting of tantalum (Ta) , chromium 
(Cr) , titanium (Ti) , tungsten (W) , molybdenum (Mo) , and silicon 
(Si), or an alloy film or silicide film containing the above 
elements in combination, or a laminate of the conductive films, 
the alloy films, or the silicide films. 

[0015] 

The semiconductor device is also characterized in that 
the channel formation region of the pixel TFT and the 
semiconductor region of the storage capacitor are formed of 
the same semiconductor layer. 

[0016] 

The first insulating layer that functions as dielectric 
of the storage capacitor is appropriately an oxide or halogenated 
compound containing an element selected from the group 
consisting of tantalum (Ta) , titanium (Ti) , barium (Ba), hafnium 
(Hf), bismuth (Bi), tungsten (W) . thorium (Th) , thallium (TI), 
and lead (Pb) . 

[0017] 

These thin films have as high dielectric constant as 
10 to 100, and are suitable for the dielectric of the storage 
capacitor. A ferroelectric film, such as PZT (lead zirconate 
titanate), BST (barium strontium titanate) and a Yl-based 
material (strontium bismuth tantalate niobate) may also be 
used. 
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[0018] 

It is effective to improve the aperture ratio by forming 
the storage capacitor from the high dielectric constant film 
under a source wiring line of the pixel matrix circuit, and/or 
under a gate wiring line thereof. 

[0019] 

According to another structure of the present invention , 
a semiconductor device having a pixel matrix circuit and a 
driver circuit that are formed on the same substrate is 
characterized in that: 

a pixel TFT included in the pixel matrix circuit and 
an n- channel TFT included in the driver circuit each have a 
channel formation region formed above a first wiring line with 
an insulating layer sandwiched therebetween, and each have 
a low concentration impurity region that is in contact with 
the channel formation region and overlaps the first wiring 
line ; 

a storage capacitor included in the pixel matrix circuit 
is formed from a capacitor wiring line formed on the same layer 
as the first wiring line, from a semiconductor region that 
has the same composition as the channel formation region or 
the low concentration impurity region, and from a part of the 
insulating layer; and 

the first wiring line connected to the pixel TFT is 
kept at the lowest power supply electric potential, and the 
first wiring line connected to the n-channel TFT is kept at 
the same level of electric potential as a gate electrode of 
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the n-channel TFT. 
[0020] 

According to another structure of the present invention , 
a semiconductor device having a pixel matrix circuit and a 
driver circuit that are formed on the same substrate is 
characterized in that: 

a pixel TFT included in the pixel matrix circuit and 
an n-channel TFT included in the driver circuit each have a 
channel formation region formed above a first wiring line with 
a first insulating layer and a second insulating layer sandwiched 
therebetween, and each have a low concentration impurity region 
that is in contact with the channel formation region and overlaps 
the first wiring line; 

a storage capacitor included in the pixel matrix circuit 
is formed from a capacitor wiring line formed on the same layer 
as the first wiring line, from a semiconductor region that 
has the same composition as the channel formation region or 
the low concentration impurity region, and from the first 
insulating layer; and 

the first wiring line connected to the pixel TFT is 
kept at the lowest power supply electric potential, and the 
first wiring line connected to the n-channel TFT is kept at 
the same level of electric potential as a gate electrode of 
the n-channel TFT. 

[0021] 

According to another structure of the present invention , 
a semiconductor device having a pixel matrix circuit and a 



driver circuit that are formed on the same substrate is 
characterized in that: 

a pixel TFT included in the pixel matrix circuit and 
an n-channel TFT included in the driver circuit each have a 
channel formation region formed above a first wiring line with 
a first insulating layer, a second insulating layer, and a 
silicon oxide film sandwiched therebetween, and each have a 
low concentration impurity region that is in contact with the 
channel formation region and overlaps the first wiring line; 

a storage capacitor included in the pixel matrix circuit 
is formed from a capacitor wiring line formed on the same layer 
as the first wiring line, from a semiconductor region that 
has the same composition as the channel formation region or 
the low concentration impurity region, and from a laminate 
of the first insulating layer and the silicon oxide film; and 

the first wiring line connected to the pixel TFT is 
kept at the lowest power supply electric potential, and the 
first wiring line connected to the n-channel TFT is kept at 
the same level of electric potential as a gate electrode of 
the n-channel TFT. 

[0022] 

[Embodiment Mode of the Invention] 
Embodiment Mode 1 

An embodiment mode of the present invention will be 
described taking as an example a CMOS circuit (inverter circuit ) 
in which an n-channel TFT (hereinafter referred to as NTFT ) 
is combined with a p-channel TFT (hereinafter referred to as 
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PTFT) . 

[0023] 

A sectional structure thereof is shown in Fig. 1A and 
a top view thereof is shown in Fig. IB. The description will 
be given using symbols common to Fig. 1A and Fig. IB. The 
sectional views taken along the lines A- A ' , B-B', and C-C 
in Fig. IB correspond to the sectional views A- A ' , B-B' , and 
C-C in Fig. 1A, respectively. 

[0024] 

In Fig. 1A, 100 denotes a substrate; 101, a base film; 
102a, 102b, and 102c, first wiring lines ; 103, a first insulating 
layer; 104, a second insulating layer; and 90, a silicon oxide 
film to serve as a base of active layers. An active layer 
of the NTFT is composed of a source region 105, a drain region 
106, low concentration impurity regions (LDD regions) 107a 
and 107b, and a channel formation region 108. An active layer 
of the PTFT is composed of a drain region 109, a source region 
110, and a channel formation region 111. 

[0025] 

112 is a second insulating layer on which second wiring 
lines 113a, 113b, 113c, and 113d are formed from a conductive 
film. 114 denotes a first interlayer insulating layer; 115 
to 117, third wiring lines; 115 and 116, source wiring lines; 
and 117, a drain wiring line (including a drain electrode). 

[0026] 

In the CMOS circuit structured as above, a glass 
substrate, a quartz substrate, a metal substrate, a stainless 
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steel substrate, a plastic substrate, a ceramic substrate, 
or a silicon substrate may be used as the substrate 100. When 
a silicon substrate is used, it is appropriate to oxidize its 
surface to form a silicon oxide film in advance. 
[0027] 

The base film 101 may be an insulating film mainly 
containing silicon, such as a silicon oxide film, a silicon 
nitride film, and a silicon oxynitride film. It is also 
preferable to use a dense , hard insulating film such as a tantalum 
oxide film. 

[0028] 

Although the first wiring line is a wiring line of 
the same pattern as shown in Fig. IB, it is sectioned into 
102a, 102b, and 102c for the sake of explanation. Here, the 
first wiring line 102a represents an intersection with the 
active layer, the first wiring line 102b represents a connection 
between the TFTs , and the first wiring line 102c represents 
a power supplying portion common to the circuits. 

[0029] 

The first wiring line 102a here functions as a 
subordinate gate electrode of the NTFT. That is, the electric 
charge of the channel formation region 108 is controlled by 
the first wiring line 102a and by the second wiring line (main 
gate electrode) 113a that is given with the same level of electric 
potential as the first wiring line 102a (or a predetermined 
electric potential), so that only the first wiring line 102a 
can apply a gate voltage (or a predetermined voltage) to the 



20 



LDD regions 107a and 107b. 
[0030] 

Accordingly, the GOLD structure cannot be obtained 
with the second wiring line 113a alone functioning as the gate 
electrode (the LDD structure is obtained instead), not until 
the first wiring line 102a joins with the second wiring line 
113a. Advantages of this structure will be described later. 
The first wiring line 102a also functions as a light - shielding 
layer . 

[0031] 

Any material can be used for the first wiring line 
as long as it has conductivity. However, a desirable material 
would be one having heat resistance against the temperature 
in a later process. For example, a conductive film mainly 
containing (50% or more composition ratio) an element selected 
from the group consisting of tantalum (Ta), chromium (Cr), 
titanium (Ti) , tungsten (W) , molybdenum (Mo) , and silicon ( Si ) , 
or an alloy film or silicide film containing the above elements 
in combination, or a laminate of the conductive films, the 
alloy films or the silicide films. 

[0032] 

Specifically, a tantalum film, a chromium film, or 
a laminate of a tungsten silicide film and a silicon film is 
preferred. When a laminate of a tungsten silicide film and 
a silicon film is used, it is preferable to place the laminate 
such that the silicon film is closer to the active layer. 

[0033] 
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Given as a feature of this embodiment mode is providing 
the first wiring line 102a in the NTFT only and not in the 
PTFT. Although the PTFT in Fig. 1A does not have an offset 
region and an LDD region either, one of the regions or both 
of the regions may be formed in the PTFT. 

[0034] 

Structured as above, the first wiring line is led from 
the power supplying portion through the connection to the NTFT 
to function as a subordinate gate electrode of the NTFT as 
shown in Fig. IB. 

[0035] 

The second wiring line is also a wiring line of the 
same pattern but, for the sake of explanation, is sectioned 
almost the same way the first wiring line is sectioned. In 
Fig. 1A, 113a represents an intersection with the active layer 
of the NTFT, 113b represents an intersection with the active 
layer of the PTFT, 113c represents a connection between the 
TFTs, and 114d represents a power supplying portion. 

[0036] 

Any film can be used for the second wiring lines as 
long as it is a conductive film . A tantalum ( Ta ) f ilm , a chromium 
(Cr) film, a titanium (Ti) film, a tungsten (W) film, a molybdenum 
(Mo) film, and a silicon (Si) film may be used in any combination 
to form the second wiring lines. An alloy film or silicide 
film of those may also be used. Alternatively, same kind of 
conductive films or different kinds of conductive films may 
be layered to form the second wiring lines . 
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[0037] 

As described above, the CMOS circuit of this embodiment 
mode has the first wiring line (subordinate gate wiring line) 
in the NTFT and the same level of voltage as the second wiring 
line (main gate wiring line) or a predetermined voltage is 
applied to the first wiring line, thereby giving the NTFT the 
GOLD structure. 

[0038] 

Embodiment Mode 2 

An embodiment mode of the present invention will be 
described taking as an example a pixel matrix circuit that 
uses an NTFT for a pixel TFT. This pixel matrix circuit is 
formed on the same substrate as the CMOS circuit described 
in Embodiment Mode 1 at the same time. Therefore, see the 
description in Embodiment Mode 1 for details of the wiring 
lines denoted by the identical names . 

[0039] 

A sectional structure of the pixel matrix circuit is 
shown in Fig . 2A and a top view thereof is shown in Fig . 2B . 

The description will be given using symbols common to Fig. 
2A and Fig. 2B. The sectional views taken along the lines 
A- A' and B-B' in Fig. 2B correspond to the sectional views 
A-A ' and B-B' in Fig. 2A, respectively 
[0040] 

In Fig. 2A, 200 denotes a substrate, 201, a base film, 
202a to 202c, first wiring lines, 203, a capacitor wiring line, 
204, a first insulating layer, 205, a second insulating layer. 
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and 91, a silicon oxide film to serve as a base of an active 
layer. An active layer of the pixel TFT (NTFT) is composed 
of a source region 206. a drain region 207, low concentration 
impurity regions (LDD regions) 208a to 208d, and channel 
formation regions 209a and 209b. 
[0041] 

The pixel TFT shown here as an example has a double 
gate structure, but it may have a single gate structure or 
a multi-gate structure in which three or more TFTs are connected 
in series. Needless to say, the source region and the drain 
region switch depending on whether the pixel TFT charges or 
discharges . 

[0042] 

Here , a storage capacitor is formed between the capacitor 
wiring line 203 and a semiconductor region 210 (namely, a portion 
extended from the drain region 207) with the first insulating 
layer 204 and the silicon oxide film 91 as dielectric. Usable 
as the first insulating layer 204 in this case is an oxide 
or halogenated compound containing an element selected from 
the group consisting of tantalum (Ta) , titanium (Ti), barium 
(Ba), hafnium (Hf ) , bismuth (Bi). tungsten (W) , thorium (Th), 
thallium (Tl), and lead (Pb). 

[0043] 

These oxides are known to have high dielectric constant 
and exhibit a dielectric constant of about 10 to 100. One 
of the features of this embodiment is that such a high dielectric 
constant film is used as the dielectric of the storage capacitor. 
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For example, a tantalum oxide film is preferable, for it has 
a dielectric constant of 25 and is easy to form by sputtering. 

[0044] 

The silicon oxide film 91 that is a part of the dielectric 
is provided as a barrier layer for preventing reaction in the 
interface between the first insulating layer 204 and the 
semiconductor region 210. The silicon oxide film 91 and a 
semiconductor layer that is to serve as the active layer are 
preferably formed in succession without being exposes to the 
air. This prevents contamination by elements in the air, such 
as boron, landing on the bottom surface of the active layer. 
[0045] 

Second wiring lines 212a, 212b, and 212c are formed 
on the second insulating, layer 211. The second wiring line 
212a is a so-called gate wiring line, whereas 212b and 212c 
are substantial gate electrodes. 

[0046] 

Denoted by 213 is a first interlayer insulating layer, 
214 and 215, third wiring lines, 214, a source wiring line 
(including a source electrode), and 215, a drain wiring line 
(including a drain electrode). Formed thereon are a second 
interlayer insulating layer 216, black masks 217a and 217b, 
a third interlayer insulating layer 218, and a pixel electrode 
219 . 

[0047] 

Although the first wiring line is a wiring line of 
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the same pattern as shown in Fig. 2B, it is sectioned into 
202a, 202b, and 202c for the sake of explanation. Here, the 
first wiring line 202a represents a wiring line portion that 
does not function as a gate electrode, whereas 202b and 202c 
are intersections with the active layer and function as the 
gate electrodes . 
[0048] 

The first wiring lines shown here are formed at the 
same time the first wiring lines described in Embodiment Mode 
1 are formed. Therefore the material and other explanations 
thereof are omitted. 

[0049] 

The first wiring lines 202b and 202c function as 
light -shielding films of the pixel TFT. In other words, they 
do not have the function of the subordinate gate wiring line 
as the one described in Embodiment Mode 1 , and are given a 
fixed electric potential or set to a floating state (an 
electrically isolated state) . That is, the first wiring lines 
202b and 202c in the pixel TFT have to have such an electric 
potential as to make them function merely as light -shielding 
layers without influencing the operation of the TFT. 

[0050] 

The fixed electric potential is at least lower than 
the lowest electric potential of a video signal (specifically 
-8 V, if the amplitude of the video signal is -8 to 8 V) , preferably 
lower than the lowest power supply electric potential of the 
entire circuit to be formed or the same as the lowest power 
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supply electric potential. 
[0051] 

In the case of an AM- LCD, for example, power supply 
lines formed in a driver circuit and other signal processing 
circuits are different f romones formed in a pixel matrix circuit , 
and these different power supply lines are given with their 
respective predetermined electric potentials. That is, 
various levels of voltages are generated with a certain lowest 
electric potential as the reference. The lowest power supply 
electric potential refers to the lowest electric potential 
that is the reference for all those circuits. 

[0052] 

By keeping the first wiring lines at the electric 
potential described above, holes generated by hot carrier 
injection can be removed from the channel formation regions 
and the punch through phenomenon brought by accumulated holes 
can be prevented. 

[0053] 

Electric charges in the channel formation regions 209a 
and 209b are thus controlled by the first wiring lines 212b 
and 212c to provide the LI»D structure. Therefore an increase 
in OFF current can be contained effectively. 

[0054] 

In the pixel TFT, a laminate consisting of the first 
insulating layer 204, the second insulating layer 205, and 
the silicon oxide film 91 is interposed between the first wiring 
lines 202b and 202c and the channel formation regions 212b 



27 



and 212c. Structurally, a parasitic capacitance is formed 
here but the operation of the TFT is not influenced when this 
parasitic capacitance (the sum of parasitic capacitance formed 
under the gate electrodes if the TFT have a multi-gate structure ) 
is one third the storage capacitor or less (preferably one 
tenth or less ) . 

[0055] 

The pixel matrix circuit shown in this embodiment mode 
thus has an NTFT as its pixel TFT, and the structure of the 
NTFT is the same as the NTFT of the CMOS circuit explained 
in Embodiment Mode 1 (the difference between the single gate 
structure and the double gate structure is ignored) . However, 
the NTFT in the pixel matrix circuit is different from the 
NTFT in the CMOS circuit where the GOLD structure is obtained 
by using the first wiring line as a subordinate gate wiring 
line through application of a predetermined voltage, in that 
the LDD structure is obtained by giving the first wiring lines 
a fixed electric potential or setting them to a floating state. 

[0056] 

In other words, the biggest feature of the present 
invention is that NTFTs having the same structure are formed 
on the same substrate and then they are respectively given 
the GOLD structure or the LDD structure by being applied or 
not being applied a voltage to their first wiring lines 
( subordinate gate wiring lines ) . This makes the optimal circuit 
design possible without increasing the number of manufacture 
steps . 
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[0057] 

The structures of the present invention in the above 
will be described in detail in the following embodiments. 
[0058] 

Embodiment 1 

In this embodiment , a method of manufacturing the CMOS 
circuit described in Embodiment Mode 1 will be described. 
The description will be given with reference to Fig. 3. 

[0059] 

First, a glass substrate is prepared as a substrate 
300. A silicon oxide film with a thickness of 200 nm is formed 
thereon by sputtering as a base film 301. On the base film, 
first wiring lines 302a, 302b, and 302c are formed . The material 
of the first wiring lines is a tantalum film formed by sputtering . 
An oxide film may be formed on a surface of the tantalum film. 
[0060] 

Other metal films, alloy films, or a laminate of those 
may of course be used because the first wiring lines 302a, 
302b, and 302c can be formed of any film as long as it has 
conductivity. A film that can be formed by patterning with 
a small taper angle is effective in improving the levelness. 

[0061] 

Next , a tantalum oxide film is formed again by sputtering . 

In this embodiment, the thickness thereof is set to 10 to 
500 nm (desirably 50 to 300 nm, more desirably 100 to 200 nm) . 

A tantalum oxide film 303 formed here is used as dielectric 
of a storage capacitor in a pixel matrix circuit . 
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[0062] 

Other than the tantalum oxide film, an oxide containing 
an element selected from the group consisting of barium (Ba) , 
hafnium (Hf ) , bismuth (Bi) , tungsten (W) , thorium (Th) , thallium 
(Tl), and lead (Pb) may be used. Basically, any material can 
be used as long as it is a thin film having a dielectric constant 
of 10 or higher (preferably 20 or higher). 

[0063] 

A second insulating layer 304 is formed next from an 
insulating film containing silicon. This embodiment employs 
a layered structure in which a silicon nitride film with a 
thickness of 50 nm is formed first and a silicon oxide film 
with a thickness of 80 nm is formed thereon. The second 
insulating layer may of course be a single layer of silicon 
oxide film, or a silicon .oxynitride film expressed as SiOxNy 
(x/y = 0.01 to 100) . 

[0064] 

When the silicon oxynitride film is used, the withstand 
voltage thereof can be enhanced by making the nitrogen content 
larger than the oxygen content. Doping a silicon nitride film 
with boron is effective, for its heat conductivity is enhanced 
to improve the heat releasing effect. 

[0065] 

Next, a silicon oxide film 92 with a thickness of 10 
nm is formed and an amorphous silicon film (not shown in the 
drawing ) with a thickness of 50 nm is formed thereon successively 
without being exposed to the air. The applicant of the present 
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invention has found that boron landed from the air on the bottom 
surface of an active layer affects TFT characteristics 
(especially the threshold voltage). However, this problem 
can be solved by forming a thin silicon oxide film and an amorphous 
silicon film in succession as in this embodiment. This silicon 
oxide film also functions as a barrier layer for preventing 
the tantalum oxide film to serve as the dielectric of the storage 
capacitor in the pixel matrix circuit from reacting with the 
active layer. 

[0066] 

The amorphous silicon film is then crystallized using 
the technique disclosed in Japanese Patent Application Laid-open 
No. Hei 7-130652 (corresponding to US. Patent Application No. 
08/329,644 or US. Patent Application No . 08/430,623) to obtain 
a crystalline silicon film ( not shown ) . The technique described 
in the publication is a thermal crystallization method with 
the use of a catalytic element. In this embodiment, nickel 
is used as the catalytic element. 

[0067] 

Nickel is no longer necessary after crystallization 
and is removed from the crystalline silicon film using, in 
this embodiment , the technique disclosed in Japanese Patent 
Application Laid-open No. Hei 10-270363 (corresponding to US. 
Patent Application No. 09/050,182). 

[0068] 

The technique described in Japanese Patent Application 
Laid-open No. Hei 10-270363 is to remove a catalytic element 



31 



used in crystallization by utilizing the gettering effect of 
phosphorus after crystallization. With this technique, the 
concentration of the catalytic element in the crystalline 
semiconductor film can be reduced to 1 x 10 17 atoms/cm 3 or less, 
preferably to 1 x 10 16 atoms /cm 3 . 
[0069] 

Next, the resultant crystalline silicon film is 
patterned to form active layers 305 and 306. Although this 
embodiment uses as a semiconductor film for the active layers 
a crystalline silicon film obtained by crystallizing an 
amorphous silicon film, other semiconductor films such as a 
microcrystalline silicon film may be used or a crystalline 
silicon film may be formed directly. Other than silicon films, 
a compound semiconductor film such as a silicon germanium film 
may be used. 

[0070] 

The crystalline silicon film may be doped with an element 
belonging to Group 13 and/or an element belonging to Group 
15 before or after the active layers 305 and 306 are formed. 
The element or elements used for the doping here is/are for 
controlling threshold voltage of the TFTs . 
[0071] 

For example, the entire crystalline silicon film is 
doped first with boron as the element belonging to Group 13 
to control the threshold in the plus direction, and then 
selectively doped with phosphorus to control the threshold 
in the minus direction, whereby threshold voltages of the NTFT 
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and the PTFT are adjusted to desired values. 
[0072] 

A third insulating layer 30 7 is formed next from a 
silicon oxide film, a silicon oxynitride film, or a silicon 
nitride film, or a laminate of those so as to cover the active 
layers 305 and 306. A silicon oxynitride film is formed here 
by plasma CVD to a thickness of 100 nm. The third insulating 
layer functions as a gate insulating film when a second wiring 
line is used as a main gate wiring line . 

[0073] 

A tantalum film 308 to serve later as the second wiring 
line is formed to have a thickness of 200 nm. Either sputtering 
or CVD can be used to form the tantalum film 308. 

[0074] 

After the state of Fig. 3A is thus obtained, resist 
masks 309a and 309b are formed to etch the tantalum film 308. 

In this way, a second wiring line 310a is formed from the 
tantalum film. The second wiring line 310a corresponds to 
the second wiring line (main gate wiring line) 113a in Fig. 
1A. A tantalum film 310b is left so as to hide regions other 
than the region to become the NTFT. 
[0075] 

Next, the film is doped with an element belonging to 
Group 15 (typically, phosphorus or arsenic) to form low 
concentration impurity regions 311 and 312 . In this embodiment , 
phosphorus is used as the element belonging to Group 15, and 
ion doping that does not involve mass separation is employed. 
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Doping conditions include setting the acceleration voltage 
to 90 keV, and adjusting the dose so that phosphorus is contained 
in a concentration of 1 x 10 16 to 1 x 10 19 atoms/cm 3 (preferably 
5 x 10 17 to 5 x 10 18 atoms/cm 3 ) . This concentration later sets 
the impurity concentration in the LDD regions , and hence is 
needed to be controlled precisely. (Fig. 3B) 
[0076] 

In this specification, the impurity doping step 
conducted under those conditions is called a phosphorus (n-) 
doping step. 

[0077] 

The resist masks 309a and 309b are then removed and 
resist masks 313a to 313d are newly formed. The tantalum film 
310b is etched to form second wiring lines 314a to 314c. The 
second wiring lines 314a, 314b, and 314c respectively correspond 
to the second wiring lines 113b, 113c, and 113d of Fig. 1A. 

[0078] 

Next, the film is doped with an element belonging to 
Group 13 (typically boron or gallium) to form a drain region 
315 and a source region 316. A channel formation region 317 
of the PTFT is defined simultaneously. In this embodiment, 
boron is used as the element belonging to Group 13, and ion 
doping that does not involve mass separation is employed. 
Doping conditions include setting the acceleration voltage 
to 7 5 keV, and adjusting the dose so that boron is contained 
in a concentration of 1 x 10 19 to 5 x 10 21 atoms/cm 3 (preferably 
1 x 10 20 to 1 x 10 21 atoms/cm 3 ). (Fig. 3C) 
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[0079] 

In this specification, the impurity doping step 
conducted under those conditions is called a boron (p++) doping 
step . 

[0080] 

The resist masks 313a to 313d are then removed and 
resist masks 318a to 318d are formed again. In this embodiment , 
the resist masks are formed by a back side exposure method. 

For the resist masks 318a, 318c, and 318d, the first wiring 
lines serve as masks whereas the second wiring lines serve 
as masks for the resist mask 318b. With the first wiring lines 
as masks , a small amount of light reaches behind the wiring 
lines and hence the line width in this case is narrower than 
the width of the first wiring lines. The line width can be 
controlled by exposure conditions . That is, the width (length) 
of the LDD regions can be controlled by controlling the amount 
of light that reaches behind the wiring lines . 
[0081] 

The resist masks can of course be formed by using masks 
instead. In this case, the degree of freedom in pattern design 
is raised but the number of masks is increased. 

[0082] 

After the resist masks 318a to 318d are thus formed, 
a step of doping with an element belonging to Group 15 (phosphorus 
in this embodiment) is conducted. Here, the acceleration 
voltage is set to 90 keV, and the dose is adjusted so that 
phosphorus is contained in a concentration of 1 x 10 19 to 5 
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x 10 21 atoms/cm 3 (preferably 1 x 10 20 to 1 x 10 21 atoms/cm 3 ). 
[0083] 

In this specification, the impurity doping step 
conducted under those conditions is called a phosphorus (n+) 
doping step. 

[0084] 

Through this step, a source region 319, a drain region 
320, an LDD region 321, and a channel formation region 322 
of the NTFT are defined. A drain region 323 and a source region 
324 of the PTFT are also doped with phosphorus in this step. 
However, the P type conductivity thereof can be maintained 
and is not reversed to the N type conductivity if they are 
doped with boron in a higher concentration in the previous 
step . 

[0085] 

After the NTFT and the PTFT are thus doped with impurity 
elements each imparting one of the conductivity types, the 
impurity elements are activated by furnace annealing, laser 
annealing, or lamp annealing, or by using these annealing methods 
in combination. 

[0086] 

The state of Fig. 3D is obtained in this way. Then 
a first interlayer insulating layer 325 is formed from a silicon 
oxide film, a silicon nitride film, a silicon oxynitride film, 
or a resin film, or from a laminate of those films. Contact 
holes are opened in the layer to form source wiring lines 3 26 
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and 327 and a drain wiring line 328. (Fig. 3E). 
[0087] 

The first interlayer insulating layer 325 in this 
embodiment has a two-layer structure in which a silicon nitride 
film with a thickness of 50 nm is formed first and a silicon 
oxide film with a thickness of 950 nm is formed thereon. The 
source wiring lines 326 and 327 and the drain wiring line 328 
in this embodiment are formed by patterning a three- layer 
structure laminate obtained by successively forming, by 
sputtering, a titanium film with a thickness of 100 nm, an 
aluminum film containing titanium and having a thickness of 
300 nm, and another titanium film with a thickness of 150 nm. 

[0088] 

A CMOS circuit structured as shown in Fig. 3E is thus 
completed . The CMOS circuit of this embodiment has the structure 
shown in Fig. 1A, and explanations thereof are omitted here 
because it is described in detail in Embodiment Mode 1 . To 
obtain the structure of Fig. 1A, the manufacturing process 
is not necessarily limited to the process of this embodiment. 

For example, the NTFT may take the double gate structure while 
the PTFT is given the single gate structure . 
[0089] 

The CMOS circuit described in this embodiment serves 
as a basic unit circuit for constructing a driver (driving) 
circuit (including a shift register circuit, a buffer circuit, 
a level shifter circuit, a sampling circuit etc . ) and other 
signal processing circuits (such as a divider circuit, a D/A 
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converter circuit, a y correction circuit, and an operation 
amplifier circuit) in an AM-LCD. 
[0090] 

In this embodiment, the first wiring line of the NTFT 
is used as a subordinate gate wiring line to thereby obtain 
a substantial GOLD structure and prevent degradation by hot 
carrier injection. Accordingly, a circuit having a very high 
reliability can be formed. 

[0091] 

Embodiment 2 

In this embodiment, a method of manufacturing the pixel 
matrix circuit described in Embodiment Mode 2 will be described. 
The description will be given with reference to Figs. 4 and 
5. The pixel matrix circuit is formed on the same substrate 
as the CMOS circuit shown in Embodiment 1 at the same time. 

Therefore, the description will be given in relation to the 
manufacturing process of Embodiment 1 and the symbols identical 
with those in Fig. 3 are used when necessary. 
[0092] 

First , the base film 301 is formed on the glass substrate 
300 from a tantalum oxide film. On the base film, first wiring 
lines 401a, 401b, and 401c and a capacitor wiring line 402 
are formed. The first wiring line 401a corresponds to the 
first wiring line 202a in Fig. 2A, the first wiring line 401b 
corresponds to the first wiring line 202b in Fig. 2A, and the 
first wiring line 401c corresponds to the first wiring line 
202c in Fig. 2A. 
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[0093] 

The capacitor wiring line 402 corresponds to the 
capacitor wiring line 203 in Fig. 2A. The materials of the 
second wiring lines and the capacitor wiring line are as described 
in Embodiment 1 . 

[0094] 

Next, a first insulating layer 303 and a second 
insulating layer 304 are formed consulting Embodiment 1 . After 
the second insulating layer 304 is formed, the second insulating 
layer 304 on the capacitor wiring line 402 that constitutes 
a storage capacitor is selectively etched to expose the first 
insulating layer 303. The exposed portion of the first 
insulating layer later functions as dielectric of the storage 
capacitor. 

[0095] 

Upon completion of etching of the second insulating 
layer 304, the silicon oxide film 92 and the amorphous silicon 
film (not shown in the drawings) are formed successively without 
being exposed to the air. Through the crystallization step 
and the gettering step shown in Embodiment 1, an active layer 
403 of the pixel TFT is formed. 

[0096] 

At this point , the active layer forms the pixel TFT 
in a portion where it overlaps the first wiring lines 401b 
and 401c, and forms the storage capacitor in a portion where 
it overlaps the capacitor wiring line 402. That is, the pixel 
TFT is connected to the storage capacitor also in a physical 
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sense through the active layer. 
[0097] 

After the active layer 403 is formed, the second 
insulating layer 307 and the tantalum film 308 are formed. 
Thus obtained is the state of Fig. 4A. The CMOS circuit being 
formed simultaneously is now in the state of Fig. 3A. 

[0098] 

Next, resist masks 404a to 404c are formed to etch 
the tantalum film 308. Second wiring lines 405a to 405c are 
thus formed. The second wiring line 405a corresponds to the 
second wiring line 212a in Fig. 2A, the second wiring line 
405b corresponds to the second wiring line 212b in Fig. 2A, 
and the second wiring line 405c corresponds to the second wiring 
line 212c in Fig. 2A. 

[0099] 

The phosphorus (n- ) doping step for forming LDD regions 
later is conducted next to form low concentration impurity 
regions 406 to 408. This step corresponds to the step of Fig. 
3B. Accordingly, the material and the thickness of the second 
wiring lines and phosphorus doping conditions in the step of 
Fig. 4B are the same as Embodiment 1. 

[0100] 

A step corresponding to the step of Fig. 3C is conducted 
next. In this step, the entire surface of the pixel matrix 
circuit is covered with a resist mask 409 so as to avoid boron 
doping at all. (Fig. 4C) 

[0101] 
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The resist mask 409 is then removed. After that, resist 
masks 410a to 410d are formed by the back side exposure method. 

Then the phosphorus (n+) doping step is conducted to form 
a source region 411, a drain region 412, LDD regions 413a to 
413d, and channel formation regions 414a and 414b. The back 
side exposure conditions and the phosphorus doping conditions 
are set in accordance with the step of Fig. 3D in Embodiment 
1 . 

[0102] 

The source region and the drain region in Fig. 4D are 
named so for the sake of explanation. However, a source region 
and a drain region in a pixel TFT are reversed when the pixel 
switches between charging and discharging and hence there is 
no definite discrimination between the two regions. 

[0103] 

A region denoted by 415 (a semiconductor region 
functioning as an electrode of the storage capacitor) is hidden 
by the resist mask 410d and, as a result, the region is doped 
with phosphorus in the same concentration as the LDD regions 
413a to 413b (to have the same composition) . This region can 
function as an electrode by applying a voltage to the first 
wiring lines 402. The first wiring lines 402, the first 
insulating layer 303, and the semiconductor region 415 form 
the storage capacitor. 

[0104] 

If a resist mask is formed on the capacitor wiring 
line 402 in the step of Fig. 4B, the semiconductor region 415 
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can be an intrinsic or substantially intrinsic semiconductor 
region having the same composition as the channel formation 
regions 414a and 414b. 
[0105] 

Thus , it is also a feature of this embodiment that 
the channel formation regions or the low concentration impurity 
regions (LDD regions) are formed of the same semiconductor 
layer as the semiconductor region that functions as an electrode 
of the storage capacitor. 

[0106] 

After the doping steps of phosphorus and boron are 
finished, the impurity elements are activated as in Embodiment 
1. Then the first interlayer insulating film 325 is formed 
and contact holes are opened therein to form a source wiring 
line 416 and a drain wiring line 417. The state of Fig. 4E 
is thus obtained. The CMOS circuit at this point is in the 
state of Fig. 3E . 

[0107] 

Next , a second interlayer insulating layer 418 is formed 
to cover the source wiring line 416 and the drain wiring line 
417. In this embodiment, as a passivation film, a silicon 
nitride film with a thickness of 30 nm is formed and an acrylic 
film with a thickness of 700 nm is formed thereon. Of course, 
an insulating film mainly containing silicon such as a silicon 
oxide film, or other resin films may be used. Other resin 
films that are usable are a polyimide film, a polyamide film, 
a BCB ( benzocyclobutene) film, and the like. 



42 



[0108] 

Next , black masks 4 20a and 420b are formed from a titanium 
film having a thickness of 100 nm. Other films may be used 
to form the black masks 420a and 420b if they have light - shielding 
property. Typically, a chromium film, an aluminum film, a 
tantalum film, a tungsten film, a molybdenum film, a titanium 
film, or a laminate of these films is used. 

[0109] 

A third interlayer insulating layer 421 is then formed. 
Though an acrylic film with a thickness of 1 is used in 
this embodiment, the same material as the second interlayer 
insulating layer may be used instead. 
[0110] 

A contact hole is next formed in the third interlayer 
insulating layer 421 to form a pixel electrode 422 from a 
transparent conductive film (typically an ITO film) . The pixel 
electrode 422 is electrically connected to the drain wiring 
line 417. The contact hole accordingly has to be very deep, 
and hence it is effective in preventing failure such as break 
of the pixel electrode to form the contact hole such that its 
inner wall is tapered or curved. 

[0111] 

The pixel electrode 422 in this embodiment is 
electrically connected to the pixel TFT through the drain wiring 
line 417. However, the pixel electrode 422 may be connected 
directly to the drain region 412 of the pixel TFT. 

[0112] 
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A pixel matrix circuit structured as shown in Fig. 
5A is thus completed. Although the example shown in this 
embodiment is of manufacturing a transmissive AM-LCD using 
a transparent conductive film for a pixel electrode, a reflective 
AM-LCD can readily be manufactured if a metal film having high 
reflectance (such as a metal film mainly containing aluminum) 
is used for the pixel electrode. 

[0113] 

The substrate that has reached the state of Fig. 5A 
is called an active matrix substrate. This embodiment also 
describes a case of actually manufacturing an AM-LCD. 

[0114] 

After the state of Fig. 5A is obtained, an oriented 
film 423 with a thickness of 80 nm is formed on the pixel electrode 
422. An opposite substrate is fabricated next. The opposite 
substrate prepared is composed of a glass substrate 424 on 
which a color filter 425, a transparent electrode (opposite 
electrode) 426, and an oriented film 427 are formed. The 
oriented films 423 and 427 are subjected to rubbing treatment, 
and the active matrix substrate is bonded to the opposite 
substrate using a seal (sealing member) . Then a liquid crystal 
428 is held between the substrates. 

[0115] 

A spacer for maintaining the cell gap may be provided 
if necessary. When the cell gap can be maintained without 
a spacer as in an AM-LCD having a diagonal size of 1 inch or 
less, there is no particular need to place a spacer. 
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[0116] 

An AM-LCD structured as shown in Fig. 5B (the part 
corresponding to a pixel matrix circuit) is thus completed. 

The second interlayer insulating layer 418 and the third 
interlayer insulating layer 421 of this embodiment also cover 
the CMOS circuit shown in Embodiment 1 in actuality. Wiring 
lines may be formed at the same time the black masks 420a and 
420b and the pixel electrode 422 are formed from the same materials 
that constitute the black masks and the pixel electrode, so 
that the wiring lines are used as lead out wiring lines (fourth 
wiring lines or fifth wiring lines) of a driver circuit and 
a signal processing circuit of the AM-LCD. 

[0117] 

In this embodiment, the first wiring lines 401b and 
401c provided in the pix.el TFT are set to the lowest power 
supply electric potential. This makes it possible to draw 
holes generated in the drain end due to hot carrier injection 
to the first wiring lines, thereby improving the reliability. 
The first wiring lines 401b and 401c may of course be set 
to a floating state, but the hole drawing effect cannot be 
expected in this case. 
[0118] 

Embodiment 3 

In this embodiment, an AM-LCD is provided with a pixel 
matrix circuit and a CMOS circuit (a driver circuit and a signal 
processing circuit constructed of CMOS circuits, to be exact) 
according to the present invention, and the appearance thereof 
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is shown in Fig. 6. 
[0119] 

On an active matrix substrate 601 , a pixel matrix circuit 

602, a signal line driving circuit (source driver circuit) 

603, scanning line driving circuits (gate driver circuits) 

604 , and a signal processing circuit ( including a signal divider 
circuit, a D/A converter circuit, and a y correction circuit) 

605 are formed. An FPC (flexible printed circuit) 606 is 
attached to the active matrix substrate. Denoted by 607 is 
an opposite substrate. 

[0120] 

The various circuits formed on the active matrix 
substrate 601 are illustrated in detail in a block diagram 
of Fig. 7. 

[0121] 

In Fig. 7, 701 denotes a pixel matrix circuit that 
functions as an image display unit. 702a, 702b, and 702c 
represent a shift register circuit, a level shifter circuit, 
and a buffer circuit, respectively. The three together 
constitute a gate driver circuit. 

[0122] 

The block diagram of the AM-LCD in Fig. 7 has a pixel 
matrix circuit sandwiched between gate driver circuits, which 
share the same gate wiring lines . This means that application 
of voltage to the gate wiring lines is still possible even 
after one of the gate drivers fails, thereby giving the AM-LCD 
redundancy . 
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[0123] 

703a, 703b, 703c, and 703d represent a shift register 
circuit, a level shifter circuit , a buffer circuit , and a sampling 
circuit, respectively. The four together constitute a source 
driver circuit. A precharge circuit 14 is placed across the 
pixel matrix circuit from the source driver circuit . 

[0124] 

The reliability of an AM-LCD having circuits as those 
shown in Fig. 6 can be greatly improved by employing the. present 
invention. In this case, CMOS circuits constituting a driver 
circuit and a signal processing circuit are made in accordance 
with Embodiment 1 and a pixel matrix circuit is made in accordance 
with Embodiment 2 . 

[0125] 

Embodiment 4 

This embodiment gives a description on a case where 
a CMOS circuit is structured differently from Embodiment 1 
and a pixel matrix circuit is structured differently from 
Embodiment 2. To be specific, circuits are given different 
structures in accordance with the respective specifications 
the circuits demand. 

[0126] 

The basic structure of the CMOS circuit is identical 
with the structure shown in Fig. 1A and the basic structure 
of the pixel matrix circuit is identical with the structure 
shown in Fig . 2A . Therefore only the part that needs explanation 
is denoted by a symbol and explained in this embodiment . 
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[0127] 

The structure shown in Fig. 8A lacks an LDD region 
on the source side of the NTFT and has an LDD region 801 only 
on the drain side . The CMOS circuit , which is used in a driver 
circuit and a signal processing circuit, is required to operate 
at high speed and hence resist components that can cause reduction 
in operation speed have to be removed as much as possible. 

[0128] 

In the case of the CMOS circuit according to the present 
invention, a gate voltage is applied to a first wiring line 
functioning as a subordinate gate wiring line to obtain the 
GOLD structure and prevent degradation due to hot carrier 
injection. However, it is sufficient if an LDD region that 
overlaps a gate electrode is formed at an end of a channel 
formation region on the drain region side where hot carriers 
are injected. 

[0129] 

Accordingly, an LDD region at an end of the channel 
formation region on the source region side is not indispensable. 

On the contrary, the LDD region on the source region side 
might work as a resist component. The structure shown in Fig. 
8A is therefore effective in improving the operation speed. 
[0130] 

The structure of Fig. 8A cannot be applied to a circuit 
that behaves like a pixel TFT in which a source region and 
a drain region are switched. Since a source region and a drain 
region of a CMOS circuit are normally fixed, the CMOS circuit 
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can adopt the structure of Fig. 8A. 
[0131] 

Fig. 8B is basically identical with Fig. 8A but the 
width of an LDD region 802 in Fig. 8B is narrower than in Fig. 
8A. Specifically, the width is set to 0 . 05 to 0 . 5 ( preferably 
0.1 to 0.3 j^m) . The structure in Fig. 8B is capable of not 
only reducing the resist component on the source region side 
but also reducing the resist component on the drain region 
side as much as possible. 

[0132] 

This structure is actually suitable for a circuit that 
is driven at as low voltage as 3 to 5 V and is required to 
operate at high speed , such as a shift register circuit . Because 
of the low operation voltage, the narrow LDD region (LDD region 
that overlaps a gate electrode, strictly speaking) does not 
raise the problem related to hot carrier injection. 

[0133] 

Of course, LDD regions in the NTFT may be completely 
omitted in some cases if the omission is limited to the shift 
register circuit. In this case, the NTFT of the shift register 
circuit has no LDD region while other circuits in the same 
driver circuit employ the structure shown in Fig. 1A or the 
structure shown in Fig. 8B. 

[0134] 

Next, Fig. 8C shows an example of a CMOS circuit with 
its NTFT having the double gate structure and PTFT having the 
single gate structure. In this case, LDD regions 805 and 806 
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are provided only at ends of channel formation regions 803 
and 804 which are closer to drain regions. 
[0135] 

The width of an LDD region is determined by the amount 
of light that reaches around in the back side exposure step 
as shown in Fig. 3D. However, if resist masks are formed by 
mask alignment, the masks can be designed freely. Forming 
an LDD region only on one side is easy also in the structure 
shown in Fig. 8C if a mask is used. 

[0136] 

However, forming an LDD region only on one side by 
the back side exposure method is possible when gate wiring 
lines (second wiring lines) 807a and 807b are formed so as 
not to coincide with first wiring lines 808 and 809 as in this 
embodiment . 

[0137] 

This structure can eliminate the resist component by 
an LDD region on the source side and the double gate structure 
has an effect of diffusing and easing the electric field applied 
between the source and the drain. 

[0138] 

The structure in Fig. 8D is a mode of a pixel matrix 
circuit. In the structure of Fig. 8D, LDD regions 809 and 

810 are provided on either the side closer to the source region 
or the side closer to the drain region. In other words, no 
LDD region is provided between two channel formation regions 

811 and 812. 
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[0139] 

In the case of a pixel TFT, a source region and a drain 
region are frequently switched because charging and discharging 
are repeated. Accordingly, when the pixel TFT has a structure 
of Fig. 8D, the LDD region can always be in the channel formation 
region on the drain region side whichever region serves as 
the drain region. On the other hand, it is effective in 
increasing ON current (current flowing when the TFT is in an 
ON state) to omit an LDD region that can be a resist component 
between the channel formation regions 811 and 812 because there 
is no electric field concentration between the channel formation 
regions . 

[0140] 

An LDD region is not provided at an end of the channel 
formation region on the source region side in the structures 
of Figs. 8 A to 8D. However, the LDD region may be provided 
there if it has a narrow width. This structure may be obtained 
by forming resist masks through mask alignment or by the back 
side exposure method after the position of the first wiring 
lines and the second wiring lines is adjusted. 

[0141] 

Needless to say, the structure of this embodiment can 
be combined with Embodiments 1 and 2 and applied to the AM-LCD 
shown in Embodiment 3 . 

[0142] 

Embodiment 5 

This embodiment shows with reference to Fig. 9 a case 
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in which a part of the second wiring lines in the CMOS circuit 
shown in Fig. 1A and in the pixel matrix circuit shown in Fig. 
2A is changed in structure. In Fig. 9A, parts structured in 
the same way as Fig. 1A or Fig. 2A are denoted by the same 
symbols . 

[0143] 

A CMOS circuit in Fig. 9A uses a laminate 901 consisting 
of a first conductive layer 901a and a second conductive layer 
901b for only a part of a second wiring line that corresponds 
to a power supplying portion. In this specification, a wiring 
line structure denoted by 901 is called a cladding structure. 

[0144] 

In the cladding structure, the material of the first 
conductive layer 901a may be a conductive film mainly containing 
an element selected from the group consisting of tantalum, 
titanium, chromium, tungsten, molybdenum, and silicon, or an 
alloy film or silicide film containing the above elements in 
combination. The material of the second conductive layer 901b 
is desirably a metal film mainly containing (50% or more 
composition ratio) copper or aluminum. 

[0145] 

With this structure, the power supplying portion (the 
portion denoted by 113d in Fig. IB) of the second wiring line 
has the first conductive layer 901a clad by the second conductive 
layer 901b. Undesirably, this structure might allow aluminum 
or copper that is an element constituting the first conductive 
layer 901a to diffuse into a third insulating layer ( an insulating 
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layer that is the base of the second wiring line) . Therefore 
a silicon nitride film is formed on the surface of the third 
insulating layer to prevent diffusion of aluminum or copper 
effectively. 

[0146] 

The structure of this embodiment may also be applied 
to a pixel matrix circuit. The pixel matrix circuit in Fig. 
9B uses a single layer of tantalum film for a gate wiring line 
and employs the above cladding structure for a part of the 
gate wiring line that is required to reduce wiring line resistance 
(a part of the gate wiring line that does not function as a 
gate electrode). 

10147] 

Needless to say, the circuits shown in Fig. 9A and 
Fig. 9B are both formed on the same substrate at the same time. 
[0148] 

The circuits can also be applied to the AM-LCD of 
Embodiment 3 and can be combined with the structure shown in 
Embodiment 4 . 

[0149] 

Embodiment 6 

This embodiment shows with reference to Fig. 10 a case 
in which the LDD regions of the NTFTs in the CMOS circuit of 
Fig. 1A and in the pixel matrix circuit of Fig. 2A are arranged 
differently. In Fig. 10A, parts structured in the same way 
as Fig. 1A or Fig. 2A are denoted by the same symbols. 

[0150] 
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In the CMOS circuit shown in Fig. 10A, the NTFT has 
a portion where a gate electrode 11 overlaps LDD regions 12a 
and 12b and a portion where the gate electrode does not overlap 
the LDD regions. In this structure, the length of the portion 
where the gate electrode 11 overlaps the LDD regions 12a and 
12b is set to 0.1 to 3.5 ( typically 0.1 to 0.5 , preferably 
0.1 to 0.3 |^m) whereas the length of the portion where the 
gate electrode 11 does not overlap the LDD regions 12a and 
12b is set to 0.5 to 3.5 ^m (typically 1.5 to 2.5 ^m) . 

[0151] 

In this structure, the portion where the gate electrode 
11 overlaps the LDD regions 12a and 12b exhibits substantially 
the same effect as the GOLD structure whereas the portion where 
the gate electrode does not overlap the LDD regions exhibits 
substantially the same effect as the LDD structure. How much 
the gate electrode overlaps may be determined by mask alignment 
or by controlling the amount of light that reaches around. 

[0152] 

A feature of this structure is that the LDD regions 
overlapping the gate electrode prevent degradation of ON current 
and an LDD region which is provided outside thereof and to 
which a gate voltage is not applied prevents an increase in 
OFFcurrent. Accordingly , the structure of Fig . 10A is effective 
when reduction in OFF current is also required in a CMOS circuit . 

[0153] 

Similarly, in the pixel matrix circuit shown in Fig. 
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10B, the pixel TFT has portions where gate electrodes 13a and 
13b overlap LDD regions 14a to 14d and portions where the gate 
electrodes 13a and 13b do not overlap the LDD regions 14a to 
14d. In this case, the first wiring lines 202b and 202c do 
not function as subordinate gate wiring lines and hence electric 
charges in channel formation regions are controlled by the 
gate electrodes 13a and 13b alone. 
[0154] 

With the structure of the pixel TFT described in 
Embodiment Mode 2, the pixel TFT operates as a complete LDD 
structure. However, the structure of Fig. 10B can provide 
a pixel TFT that is strong against hot carrier injection (a 
pixel TFT in which ON current is not degraded or is degraded 
less ) . 

[0155] 

The structure of this embodiment can also be applied 
to the AM-LCD of Embodiment 3 and can be combined freely with 
the structures shown in Embodiments 4 and 5. 
[0156] 

Embodiment 7 

This embodiment gives a description with reference 
to Fig. 11 on a structure for reducing OFF current of an NTFT 
in a CMOS circuit to be used in a driver circuit . 

[0157 ] 

In Fig. 11, LDD regions 21 and 22 of the NTFT can be 
divided into portions that substantially overlap a first wiring 
line 102a and portions that do not overlap the first wiring 
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line 102a. The NTFT in Fig. 11 therefore has an LDD region 
that does not overlap a gate electrode outside an LDD region 
that overlaps the gate electrode when a gate voltage is applied 
to the first wiring line 102a. 
[0158] 

As described in Embodiment 7, this structure has the 
effect of preventing degradation of ON current which is an 
advantage of the GOLD structure and, in addition, can provide 
an electric characteristic of limited increase in OFF current 
which cannot be attained by the GOLD structure. Therefore 
a CMOS circuit with very excellent reliability can be obtained. 

[0159] 

The description here takes as an example a CMOS circuit 
but the structure of this embodiment may be applied to a pixel 
matrix circuit. 

[0160] 

In order to obtain the structure of this embodiment , 
the back side exposure method is not used in the step shown 
in Fig. 3D in Embodiment 1. The structure of this embodiment 
is readily obtained when a resist mask wider than the first 
wiring line is formed by a normal mask alignment and then the 
phosphorus (n+) doping step is conducted. 

[0161] 

The length of the LDD regions ( the length of the portions 
that overlap and do not overlap the gate electrode) is set 
consulting the range mentioned in Embodiment 7 . 

[0162] 
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The structure of this embodiment can also be applied 
to the AM-LCD of Embodiment 3 and can be combined freely with 
the structures shown in Embodiments 4 through 6. 

[0163] 

Embodiment 8 

This embodiment describes a case in which other methods 
than thermal crystallization is used to form the active layer 
shown in Embodiment 1 or 2 . 

[0164] 

Specifically, the case shown here is of crystallizing 
an amorphous semiconductor film by a known laser crystallization 
method. Laser light that is typically used is excimer laser 
light but argon laser light . YAG laser light or the like may 
be used. 

[0165] 

For excimer laser light, KrF gas, XeCl gas, ArF gas 
or the like is used as cooling gas. In this embodiment, the 
excimer laser light is generated by pulse oscillation and is 
processed into a linear beam through an optical system before 
it irradiates an irradiation target surface. 

[0166] 

The structure of this embodiment can be combined freely 
with all of the structures of Embodiments 1 through 7. 
[0167] 

Embodiment 9 

This embodiment describes a case, as a method of forming 
an active layer, in which the thermal crystallization method 
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shown in Embodiment 1 is used and the catalytic element used 
in crystallization is removed from the crystalline semiconductor 
film. To remove the catalytic element , this embodiment employs 
a technique disclosed in Japanese Patent Application Laid-open 
No. Hei 10-135468 (corresponding to US. Patent Application 
No. 08/951,193) or Japanese Patent Application Laid-open No. 
Hei 10-135469 (corresponding to US. Patent Application No. 
08/951,819). 

[0168] 

The technique described in the publication is to remove 
a catalytic element used in crystallization of an amorphous 
semiconductor film by utilizing gettering effect of halogen 
after crystallization. With this technique, the concentration 
of the catalytic element in the crystalline semiconductor film 
can be reduced to 1 x 10 17 atoms/cm 3 or less, preferably to 
1 x 10 16 atoms /cm 3 . 

[0169] 

The structure of this embodiment can be combined freely 
with all of the structures of Embodiments 1 through 8. 
[0170] 

Embodiment 10 

This embodiment describes another mode of the gettering 
step by phosphorus which is shown in Embodiment 1. The basis 
of the step matches Fig. 1 and hence differences are picked 
out and explained. 

[0171] 

First, the state of Fig. 3D is obtained by following 
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the process of Embodiment 1. Fig. 12A shows a state in which 
the resist masks 318a to 318d are removed from the state of 
Fig. 3D. 

[0172] 

At this point, the source region 319 of the NTFT and 
the drain region 320 thereof, and the drain region 323 of the 
PTFT and the source region 324 thereof contain phosphorus in 
a concentration of 1 x 10 19 to 1 x 10 21 atoms/cm 3 (preferably 
5 x 10 20 atoms/cm 3 ) . 

[0173] 

In this state, a heat treatment step is conducted in 
a nitrogen atmosphere at 500 to 800°C for 1 to 24 hours, for 
example, at 600°C for 12 hours, in this embodiment. Through 
the step, the impurity elements belonging to Group 13 or 15 
and used in doping are activated. Also, the catalytic element 
(nickel in this embodiment) remained after the crystallization 
step moves in the direction of the arrow and is gettered ( trapped ) 
in the source regions and drain regions mentioned above owing 
to the action of phosphorus contained in the regions . As a 
result , the nickel concentration in the channel formation region 
can be reduced to 1 x 10 17 atoms/cm 3 or less. (Fig. 12B) 

[0174] 

Once the step of Fig. 12B is completed, subsequent 
steps are conducted in accordance with the steps of Embodiment 
1 to complete the CMOS circuit shown in Fig. 3E. Needless 
to say, similar steps are taken in the pixel matrix circuit. 

[0175] 
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The structure of this embodiment can be combined freely 
with all of the structures of Embodiments 1 through 9. 
[0176] 

Embodiment 11 

This embodiment gives a description with reference 
to Fig. 13 in a case of manufacturing a CMOS circuit in a step 
order different from the one in Embodiment 1 . Other Group 
15 elements than phosphorus may be used instead. Other Group 
13 elements than boron may be used instead. 

[0177] 

First, steps up through the step of Fig. 3B are finished 
in accordance with the process in Embodiment 1. Fig. 13A shows 
a state identical with Fig. 3B and the same symbols are used. 

This is a phosphorus (n-) doping step through which the low 
concentration impurity regions 311 and 312 are formed. 
[0178] 

After the resist masks 309a and 309b are removed, the 
back side exposure method is used to form resist masks 26a 
and 2 6b. The phosphorus (n+) doping step is then conducted 
under the same doping conditions as Embodiment 1 to form a 
source region 27, a drain region 28, LDD regions 29a and 29b, 
and a channel formation region 30 of the NTFT. (Fig. 13B) 

[0179] 

The resist masks 26a and 26b are removed next. 
Thereafter resist masks 31a to 31d are formed and the tantalum 
film 310b is etched to form second wiring lines 32a to 32c. 
In this state, the boron (p++) doping step is conducted under 
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the doping conditions of Embodiment 1 to form a drain region 
33, a source region 34, and a channel formation region 35 of 
the PTFT. (Fig. 13C) 
[0180] 

In this embodiment, an active layer of the PTFT is 
not doped with phosphorus before it is doped with boron , whereby 
the dose of boron can be limited to a minimum. The throughput 
in the manufacturing process is therefore improved. 

[0181] 

After the step of Fig . 13C is thus completed , fabrication 
of the CMOS circuit is continued in accordance with the process 
of Embodiment 1 . The structure to be obtained is the one shown 
in Fig. 3E but is different from Embodiment 1 in that the source 
region and the drain region of the PTFT do not contain phosphorus . 

[0182] 

The manufacturing process of this embodiment only 
changes the order of the doping process of the elements belonging 
to Group 13 or Group 15 in Embodiment 1. Therefore, as for 
the other conditions , please refer to that in Embodiment 1 . 

[0183] 

The manufacturing process of this embodiment is 
described taking as an example a CMOS circuit but , needles 
to say, a pixel matrix circuit is formed at the same time. 

[0184] 

The structure of this embodiment can be combined freely 
with any of the structures of Embodiments 4 through 10. 
[0185] 
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Embodiment 1 2 

This embodiment shows with reference to Fig. 14 a case 
in which the storage capacitor of the pixel matrix circuit 
shown in Embodiment Mode 2 is structured differently. The 
description is limited to the structure of the storage capacitor 
because the rest is the same as the pixel matrix circuit shown 
in Fig. 2A. 

[0186] 

In Fig. 14, a tantalum film that is the material of 
first wiring lines and a tantalum oxide film that is the material 
of first insulating layers are layered to form a laminate, 
and both are etched into the same shape. As a result, first 
wiring lines 35a to 35c and a capacitor wiring line 36 are 
formed and first insulating layers 37a to 37c and 38 having 
the same shape as the wiring lines are formed on the wiring 
lines . 

[0187] 

In order to obtain this structure, a technique for 
etching the tantalum oxide film and the tantalum film while 
keeping the selective ratio is required. In this embodiment, 
the tantalum oxide film is removed by dry etching using a 
fluorine-based gas while the tantalum film can be left by time 
controlling because the selective ratio with respect to the 
tantalum film can be secured to a certain degree . Then the 
tantalum film alone is etched by wet etching with the tantalum 
oxide film as a mask. 

[0188] 
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Though not shown in Fig. 14, it is effective to etch 
the first wiring lines (or capacitor wiring line) into a tapered 
shape when the first wiring line (or capacitor wiring line) 
and the first insulating layers are patterned into the same 
shape . 

[0189] 

As described above, the capacitor wiring line 36, the 
first insulating layer (tantalum oxide film) 38, and a 
semiconductor region 39 form the storage capacitor in this 
embodiment . 

[0190] 

This embodiment may of course be carried out also when 
the first wiring lines are formed from a conductive film mainly 
containing an element selected from the group consisting of 
chromium (Cr) , titanium (Ti), tungsten (W) , molybdenum (Mo), 
and silicon (Si) , or an alloy film or silicide film containing 
the above elements in combination , or a laminate of the conductive 
films, the alloy films or the silicide films. 

[0191] 

The structure of this embodiment can be combined freely 
with any of the structures of Embodiments 3 through 11. 
[0192] 

Embodiment 13 

This embodiment shows with reference to Fig. 15 a case 
in which the storage capacitor of the pixel matrix circuit 
shown in Embodiment Mode 2 is structured differently. The 
description is limited to the structure of the storage capacitor 
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because the rest is the same as the pixel matrix circuit shown 
in Fig. 2A. 

[0193] 

After the first wiring lines 401a to 401c and the 
capacitor wiring line 402 are formed as in Fig. 4A, thermal 
oxidization is performed on the first wiring lines and the 
capacitor wiring line formed of a tantalum film in this embodiment . 
Through the thermal oxidization, tantalum oxide films 40a 
to 40c and 41 are formed. The tantalum oxide films are used 
as dielectric of the storage capacitor. 
[0194] 

The thermal oxidization step is carried out in a 
temperature range of 450 to 600°C (preferably 450 to 500°C when 
a glass substrate is used) . The thickness of the film increases 
in proportion to temperature and time, and the thickness of 
the first wiring lines is reduced that much. Therefore it 
is desirable to form the tantalum film rather thick from the 
beginning . 

[0195] 

When employing this embodiment, the tantalum oxide 
film can be formed thin with good controllability to have a 
thickness of 10 to 50 nm and an excellent film quality. Since 
the capacity of the storage capacitor is larger when the 
dielectric is thinner, the storage capacitor formed can have 
a very large capacity. 

[0196] 

As described above, the storage capacitor in this 
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embodiment is composed of the capacitor wiring line 402, the 
first insulating layer ( the tantalum oxide film formed by thermal 
oxidization) 41, and a semiconductor region 42. 
[0197] 

This embodiment may of course be carried out also when 
the first wiring lines are formed from a conductive film mainly 
containing an element selected from the group consisting of 
chromium (Cr) , titanium (Ti), tungsten (W) , molybdenum (Mo), 
and silicon (Si) , or an alloy film or silicide film containing 
the above elements in combination , or a laminate of the conductive 
films, the alloy films, or the silicide films. 

[0198] 

The tantalum oxide film may be formed by a known anode 
oxidization method instead of oxidizing it by thermal 
oxidization. 

[0199] 

The structure of this embodiment can be combined freely 
with any of the structures of Embodiments 3 through 11. 
[0200] 

Embodiment 14 

This embodiment describes a case in which other materials 
than a tantalum film are used for first wiring lines and second 
wiring lines. The description will be given with reference 
to Fig. 16. This embodiment deals with a technique particularly 
effective in a manufacturing process that includes a high 
temperature heat treatment step at 700 to 1150°C, such as the 
one shown in Embodiment 9 . 
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[0201] 

The first wiring lines are formed prior to formation 
of an active layer and hence, if the active layer is to be 
thermally oxidized, the first wiring lines are also subjected 
to high temperature heat treatment. In this case, an element 
constituting the first wiring lines is coupled to oxygen to 
raise a problem of increased wiring line resistance. This 
embodiment is about a technique for solving that problem. 

[0202] 

A substrate used in this embodiment is a quartz substrate 
45 having high heat resistance as shown in Fig. 16. A silicon 
substrate on which a thermal oxide film is formed, a ceramic 
substrate on which an insulating film is formed, or the like 
may of course be used instead. 

[0203] 

For the material of first wiring lines 46a to 46c and 
of a capacitor wiring line 47, a tungsten silicide (WSix: x 
= 2 to 25) film 46al and a silicon (Si) film 46a2 are layered 
to form a laminate. The layer order may be reverse, or the 
laminate may have a three- layer structure in which silicon 
films sandwich a tungsten silicide film. 

[0204] 

Only the first wiring line 46a is described here but, 
needless to say, the first wiring lines 46b and 46c and the 
capacitor wiring line 47 also are a laminate of a tungsten 
silicide film and a silicon film. 

[0205] 
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With these materials, the wiring line resistance is 
not increased in the tungsten silicide film 46al after the 
high temperature heat treatment step at 700 to 1150°C. This 
is because excess silicon contained in the tungsten silicide 
film preemptively couples with oxygen and prevents oxygen from 
coupling with tungsten. 

[0206] 

Other metal silicide films, for example, a molybdenum 
silicide (MoSix) film, a titanium silicide (TiSix) film, a 
cobalt silicide (CoSix) film, a tantalum silicide (TaSix) film, 
etc., may be used instead of the tungsten silicide film. 

[0207] 

If a simple metal film (typically, a tantalum film, 
a titanium film, a tungsten film, or a molybdenum film) is 
used for the first wiring lines, a silicon film is provided 
so as to contact with the top face and/or the bottom face of 
the simple metal film. This prevents oxidization of the simple 
metal film and an increase in wiring line resistance. 

[0208] 

If the simple metal film such as a tantalum film or 
a tungsten film is sandwiched between silicon films forming 
a three-layer structure, the first wiring lines formed can 
withstand a high temperature process as the one used in this 
embodiment . 

[0209] 

The structure of this embodiment can be combined freely 
with any of the structures of Embodiments 1 through 13. 
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[0210] 

Embodiment 15 

This embodiment shows with reference to Fig. 17 a case 
in which the storage capacitor of the pixel matrix circuit 
shown in Embodiment Mode 2 is structured differently. The 
description is limited to the structure of the storage capacitor 
because the rest is the same as the pixel matrix circuit shown 
in Fig. 2A. 

[0211] 

In this embodiment, a first insulating layer 50 is 
formed first and then a second insulating layer 51, a silicon 
oxide film 52, and an amorphous silicon film (not shown in 
the drawing) are formed successively without exposing them 
to the air. The amorphous silicon film is then crystallized 
to form an active layer from the resultant crystalline silicon 
film, and a third insulating layer 53 is formed to cover the 
active layer. 

[0212] 

After the third insulating layer 53 is formed, the 
third insulating layer 53, the silicon oxide film 52. and the 
second insulating layer 51 are etched at once in a portion 
to become the storage capacitor (above a capacitor wiring line) 
in this embodiment. The first insulating layer 50 is exposed 
by the etching. 

[0213] 

In this state, second wiring lines 54a to 54c and an 
upper capacitor wiring line 55 are formed. The second wiring 
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lines 54a to 54c and the upper capacitor wiring line 55 are 
on the same layer of course. 
[0214] 

This embodiment is thus characterized in that the storage 
capacitor is composed of a capacitor wiring line 56 , the first 
insulating layer 50, and the upper capacitor wiring line 55. 

In this case, however, one of the capacitor wiring line 5 6 
and the upper capacitor wiring line 55 has to be electrically 
connected to a pixel electrode 57. 

[0215] 

The structure of this embodiment can be combined freely 
with any of the structures of Embodiments 3 through 14. 
[0216] 

Embodiment 16 

This embodiment shows a case in which the storage 
capacitor of the pixel matrix circuit shown in Embodiment Mode 
2 is structured differently. The description is limited to 
the structure of the storage capacitor because the rest is 
the same as the pixel matrix circuit shown in Fig. 2A. 

[0217] 

In the structure of the storage capacitor shown in 
Fig . 2A , an upper capacitor wiring line ( not shown in the drawing ) 
is formed on the third insulating layer 211 above the capacitor 
wiring line 203 . As a result , a first storage capacitor composed 
of the capacitor wiring line 203, the first insulating layer 
204, and the semiconductor region 210 is connected in parallel 
to a second storage capacitor composed of the semiconductor 
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region 210, the third insulating layer 211, and the upper 
capacitor wiring line. 
[0218] 

One storage capacitor is laid on top of the other and 
therefore a large capacity can be secured with a small area 
when this embodiment is carried out . 

[0219] 

The structure of this embodiment can be combined freely 
with any of the structures of Embodiments 1 through 14. 
[0220] 

Embodiment 17 

This embodiment gives a description on the position 
where a storage capacitor is to be formed in a pixel matrix 
circuit . The description will be given with reference to Figs . 
18A and 18B. Fig. 18B is. a sectional view taken along the 
line A- A' in Fig. 18A. The same parts are denoted by the same 
symbols in Figs. 18A and 18B. 

[0221] 

In Fig. 18A, 61 denotes a first wiring line, 62, a 
semiconductor layer, 63, a second wiring line (specifically, 
a gate wiring line), and 64a and 64b, third wiring lines 
(specifically, 64a represents a source wiring line whereas 
64b represents a drain wiring line) . 

[0222] 

The first wiring line 61 is formed so as to overlap 
under the second wiring line 63 and under the third wiring 
line ( source wiring line) 64a, and has a mesh- like (matrix-like) 
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pattern. That is, the electric potential is the same along 
the entire length of the first wiring line 61 (preferably at 
the lowest power supply electric potential) . 
[0223] 

The semiconductor layer 62 is formed above the first 
wiring line with a first insulating layer 65 , a second insulating 
layer 66, and a silicon oxide film 67 interposed therebetween. 
The second insulating layer 66 is removed from storage capacitor 
portions, so that each storage capacitor is composed of the 
first wiring line 61 , the first insulating layer 65 . the silicon 
oxide film 67, and the semiconductor layer 62. 
[0224] 

This embodiment is characterized in that the storage 
capacitor portions are formed under the second wiring line 
63 and under the third wiring line (source wiring line) 6 4a. 
This improves the aperture ratio and a bright image display 
can be obtained. This also shields the storage capacitor against 
light and hence can prevent leakage of electric charges from 
the storage capacitor. 
[0225] 

The semiconductor layer in this embodiment is patterned 
such that a pixel TFT has the triple gate structure, but is 
not limited thereto. 

[0226] 

The structure of this embodiment can be combined freely 
with any of the structures of Embodiments 3 through 14. 
[0227] 
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Embodiment 18 

This embodiment gives a description on the position 
where a storage capacitor is to be formed in a pixel matrix 
circuit. The description will be given with reference to Figs. 
19A and 19B. Fig. 19B is a sectional view taken along the 
line A-A ' in Fig. 19A. The same parts are denoted by the same 
symbols in Figs. 19A and 19B. 

[0228] 

In Fig. 19A, 71 denotes a first wiring line, 72, a 
semiconductor layer, 73, a second wiring line (specifically, 
a gate wiring line), and 74a and 74b, third wiring lines 
(specifically. 74a represents a source wiring line whereas 
74b represents a drain wiring line) . 

[0229] 

The first wiring line 71 is formed so as to overlap 
under the second wiring line 73 and under the third wiring 
line ( source wiring line) 74a, and has a mesh- like (matrix-like) 
pattern. That is, the electric potential is the same along 
the entire length of the first wiring line 71 (preferably at 
the lowest power supply electric potential) . 

[0230] 

The semiconductor layer 72 is formed above the first 
wiring line with a first insulating layer 75 , a second insulating 
layer 76, and a silicon oxide film 77 interposed therebetween. 
The second insulating layer 76 is removed from storage capacitor 
portions, so that each storage capacitor is composed of the 
first wiring line 71, the first insulating layer 75, the silicon 
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oxide film 77, and the semiconductor layer 72. 
[0231] 

This embodiment is characterized in that the storage 
capacitor portions are formed under the second wiring line 
7 3 and under the third wiring line (source wiring line) 7 4a. 
This improves the aperture ratio and a bright image display 
can be obtained . This also shields the storage capacitor against 
light and hence can prevent leakage of electric charges from 
the storage capacitor. 
[0232] 

The semiconductor layer in this embodiment is patterned 
such that a pixel TFT has the triple gate structure, but is 
not limited thereto. 

[0233] 

The structure of this embodiment can be combined freely 
with any of the structures of Embodiments 3 through 14. 
[0234] 

Embodiment 19 

This embodiment gives a description on the position 
where a storage capacitor is to be formed in a pixel matrix 
circuit. The description will be given with reference to Fig. 
20. 

[0235] 

In Fig. 20, 81 denotes a first wiring line, 82, a 
semiconductor layer, 83a and 83b, second wiring lines 
(specifically, gate wiring lines ) , and 84a and 84b , third wiring 
lines (specifically, 84a represents a source wiring line whereas 
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84b represents a drain wiring line). 
[0236] 

The first wiring line 81 is formed so as to overlap 
under the second wiring lines 83 and under the third wiring 
line (source wiring line) 84a, and has a mesh-like (matrix-like) 
pattern. That is, the electric potential is the same along 
the entire length of the first wiring line 81 (preferably at 
the lowest power supply electric potential). 

[0237] 

The semiconductor layer 82 is formed above the first 
wiring line with a first insulating layer, a second insulating 
layer, and a silicon oxide film interposed therebetween. The 
second insulating layer is removed from storage capacitor 
portions, so that each storage capacitor is composed of the 
first wiring line 81, the first insulating layer, the silicon 
oxide film, and the semiconductor layer 82. 

[0231] 

This embodiment is characterized in that the storage 
capacitor portions are formed under the second wiring line 
83b and under the third wiring line (source wiring line) 84a. 
The difference from Embodiments 17 and 18 resides in that 
when forming the storage capacitor under a gate wiring line, 
it is formed under a gate wiring line that is not selected 
(the gate wiring line 83b adjacent to the selected gate wiring 
line 83a) . 

[0239] 

A gate voltage (a voltage applied to a gate wiring 
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line to bring a TFT into an ON state) is not applied to the 
storage capacitor in this embodiment. Therefore a large 
parasitic capacitance is not formed between the second wiring 
lines (gate wiring lines) and the semiconductor layer. 
[0240] 

This structure improves the aperture ratio and a bright 
image display can be obtained. It also shields the storage 
capacitor against light and hence can prevent leakage of electric 
charges from the storage capacitor. 

[0241] 

The semiconductor layer in this embodiment is patterned 
such that a pixel TFT has the triple gate structure, but is 
not limited thereto. 

[0242] 

The structure of this embodiment can be combined freely 
with any of the structures of Embodiments 3 through 14. 
[0243] 

Embodiment 20 

This embodiment shows a case in which different 
structures are given to TFTs arranged in driver circuits (or 
other signal processing circuits) in accordance with the 
difference in operation voltage for the optimal circuit design. 

[0244] 

The CMOS circuit shown in Fig. 1A is used to construct 
a gate driver circuit , a source driver circuit , and other signal 
processing circuits of an AM-LCD. The operation voltage of 
the CMOS circuit varies depending on which of these circuits 
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it constitutes. For example, shift register circuits 702a 
and 703a in Fig. 7 have a low operation voltage, about 5 v, 
and are required to operate at high speed whereas buffer circuits 
702c and 703c have a high operation voltage of 16 to 20 V. 
[0245] 

In the case of a shift register circuit, hot carrier 
injection hardly matters and no serious problem is caused if 
it does not have the GOLD structure because of its low operation 
voltage. On the contrary, sometimes it is preferred not to 
provide a first wiring line if formation of a parasitic 
capacitance between a first wiring line ( subordinate gate wiring 
line) and an active layer is to be avoided. In the case of 
a buffer circuit, on the other hand, its high operation voltage 
makes hot carrier injection countermeasures indispensable. 
Then the structure shown in Fig. 1A is effective. 

[0246] 

As described above, there are cases where one circuit 
in a driver circuit employs the CMOS circuit of Fig. 1A whereas 
another circuit in the same driver circuit uses a CMOS circuit 
with an NTFT that has an ordinary LDD structure in accordance 
with difference in operation voltage between the one circuit 
and the other circuit while sharing the same substrate. 

[0247] 

Other signal processing circuits than a driver circuit 
(a D/A converter circuit, a y correction circuit, a signal 
divider circuit, or the like) are low in operation voltage 
and hence may use a CMOS circuit having an NTFT that has an 
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ordinary LDD structure . 
[0248] 

The structure of this embodiment can be combined freely 
with any of Embodiments 1 through 20. 
[0249] 

Embodiment 22 

In the CMOS circuit shown in Fig. 1. the first wiring 
line 102a is provided in the NTFT but not in the PTFT. However, 
a conductive layer on the same layer as the first wiring line 
may be provided under the active layer of the PTFT. 

[0250] 

The conductive layer to be placed under the active 
layer of the PTFT has such an electric potential as not to 
influence the operation of the PTFT (specifically, the lowest 
power supply electric potential or to the same effect) or is 
kept to a floating state. That is, the conductive layer is 
prevented from doing no other function than the one as a 
light -shielding layer. 

[0251] 

The pixel matrix circuit shown in Fig. 2 is an NTFT. 
However, the pixel matrix circuit may be a PTFT if a first 
wiring line functioning as a light -shielding layer is provided 
under its active layer. 
[0252] 

The structure of this embodiment can be combined freely 
with any of Embodiments 1 through 21. 
[0253] 
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Embodiment 23 

This embodiment describes a case in which the thickness 
of a first insulating layer and/or second insulating layer 
is varied to reflect a difference in operation voltage. 

[0254] 

In an AM-LCD shown in Fig. 6, a pixel matrix circuit 
607 has an operation voltage of 16 V whereas the operation 
voltage of driver circuits 603 and 604, or a signal processing 
circuit 605 is 10 V or less, or even 5 V or less. 

[0255] 

Specifically, level shifter circuits 702b and 703b, 
buffer circuits 702c and 703c, and a sampling circuit 703d 
in Fig. 7 have an operation voltage close to that of a pixel 
matrix circuit 701 (16 to 20 V). On the other hand, shift 
register circuits 702a and 703a or a signal processing circuit 
(not shown in the drawing) have a low operation voltage of 
5 to 10 V. 

[0256] 

For the shift register circuit and signal processing 
circuit as above, high speed operation is the most important 
factor and hence it is effective to make the gate insulating 
film as thin as possible to increase the operation speed of 
the TFT. On the other hand, the high speed operation ability 
is not required much for the buffer circuit and the pixel matrix 
circuit and hence forming a thick gate insulating film to improve 
the withstand voltage characteristic is effective. 
[0257 ] 
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Thus, when the operation voltage is different and 
specifications required for circuits are accordingly different , 
it is effective to vary the thickness of the gate insulating 
film to suit a required specification. Since the first 
insulating layer and the second insulating layer in the NTFT 
structure of the present invention can function as gate 
insulating films, the thickness thereof can be changed to suit 
the respective circuits. 

[0258] 

For example, in a circuit having a low operation voltage 
and required to operate at high speed, such as a shift register 
circuit and a signal processing circuit (signal divider circuit 
or the like), it is effective to make the first insulating 
layer thick (200 to 400 nm) while making the second insulating 
layer thin (10 to 30 nm) . If the first insulating layer is 
as thin as the second insulating layer, the operation speed 
is improved but the parasitic capacitance is increased to impair 
the frequency characteristic, which is not desirable. In some 
cases, the first wiring line may not be provided in a shift 
register circuit or the like as in Embodiment 21. 

[0259] 

When the operation voltage is high as in a buffer circuit , 
a sampling circuit, a pixel matrix circuit, or the like, it 
is desirable to make the second insulating layer as thick as 
100 to 200 nm to enhance the withstand voltage characteristics 
as a gate insulating film. 

[0260] 
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In a pixel matrix circuit, the influence of the first 
wiring line has to be as small as possible and hence the first 
insulating layer may be as thick as 200 to 400 nm. This makes 
it possible to for the first wiring line provided in the pixel 
TFT to function as a light -shielding layer. 

[0261] 

As described above , it is effective to vary the thickness 
of the gate insulating film (the first insulating layer and/or 
the second insulating layer) between circuits that are different 
from one another in operation voltage. 

[0262] 

The structure of this embodiment can be combined freely 
with any of Embodiments 1 through 22. 
[0263] 

Embodiment 24 

This embodiment shows with reference to Fig. 21 a case 
in which the storage capacitor of the pixel matrix circuit 
shown in Embodiment 15 is structured differently. The 
description is limited to the structure of the storage capacitor 
because the rest is the same as the pixel matrix circuit shown 
in Fig. 17. 

[0264] 

The structure of this embodiment is almost the same 
as Embodiment 17 but departs from there to a slightly different 
process after the third insulating layer is partially etched. 

[0265] 

After the third insulating layer 53 is partially etched 
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in the storage capacitor portion, a conductive film 8 5a mainly 
containing aluminum is formed first in this embodiment. A 
tantalum film is formed next and patterned to form the second 
wiring lines 54a to 54c and a protective wiring line 85b from 
the tantalum film. 
[0266] 

In this embodiment, the conductive film 85a mainly 
containing aluminum and the protective film 85b formed of a 
tantalum film constitute an upper capacitor wiring line 85. 
That is, the storage capacitor is composed of the capacitor 
wiring line 56 that is formed of a tantalum film, the first 
insulating layer 50 that is formed of a tantalum oxide film, 
and the conductive film 85a mainly containing aluminum. The 
protective wiring line 85b functions as a part of the upper 
capacitance electrode and also functions as a protective film 
for protecting the conductive film 85a mainly containing 
aluminum from heat . 
[0267] 

The structure of this embodiment can be combined freely 
with any of Embodiments 3 through 14, 15, 16, and 20 through 
23. 

[0268] 

Embodiment 2 5 

The TFT structure of the present invention can be applied 
not only to electro-optical devices such as AM-LCDs but to 
semiconductor circuits of every kind. It may be applied to 
microprocessors such as RISC processors and ASIC processors. 
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to signal processing circuits such as D/A converters, and to 
high frequency circuits for portable equipment ( cellular phones 
including PHS, and mobile computers). 
[0269] 

It is possible to obtain a semiconductor device having 
a three-dimensional structure in which an interlayer insulating 
film is formed on a conventional MOSFET and the present invention 
is applied thereto to form a semiconductor circuit . The present 
invention thus is applicable to all of the semiconductor devices 
that currently employ LSIs . The present invention may be applied 
to the SOI structure (a TFT structure using a single crystal 
semiconductor thin film) such as SIMOX, Smart-Cut (trade name 
of SOITEC), and ELTRAN (trade name of Canon, Inc.). 

[0270] 

The semiconductor circuits of this embodiment can be 
obtained by any structure resulting from combinations of 
Embodiments 1 through 24. 

[0271] 

Embodiment 26 

A CMOS circuit and pixel matrix circuit formed by 
carrying out the present invention can be applied to various 
electro-optical devices and semiconductor circuits. That is, 
the present invention is applicable to all of electronic 
equipment that incorporates those electro -optical devices and 
semiconductor circuits as components. 

[0272] 

Given as such electronic equipment are video cameras , 
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digital cameras, projectors, projection TVs, head mounted 
displays ( goggle type displays ) , automobile navigation systems , 
personal computers, portable information terminals (mobile 
computers, cellular phones, electronic books or the like), 
etc. Examples of those are shown in Fig. 22. 
[0273] 

Fig. 22A shows a cellular phone, which is composed 
of a main body 2001, an audio output unit 2002, an audio input 
unit 2003, a display device 2004, operation switches 2005, 
and an antenna 2006. The present invention is applicable to 
the audio output unit 2002, the audio input unit 2003, the 
display device 2004, and other signal controlling circuits. 

[0274] 

Fig. 22B shows a video camera, which is composed of 
a main body 2101, a display device 2102, an audio input unit 
2103, operation switches 2104, a battery 2105, and an image 
receiving unit 2106. The present invention is applicable to 
the display device 2102, the audio input unit 2103, and other 
signal controlling circuits. 

[0275] 

Fig. 22C shows a mobile computer, which is composed 
of a main body 2201, a camera unit 2202, an image receiving 
unit 2203, operation switches 2204, and a display device 2205. 
The present invention is applicable to the display device 
2205 and other signal controlling circuits. 
[0276] 

Fig. 2 2D shows a goggle type display, which is composed 
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of a main body 2301, display devices 2302, and arm units 2303. 
The present invention is applicable to the display devices 
2302 and other signal controlling circuits. 
[0277] 

Fig. 22E shows a rear projector, which is composed 
of a main body 2401, a light source 2402, a display device 
2403, a polarization beam splitter 2404, reflectors 2405 and 
2406, and a screen 2407. The present invention is applicable 
to the display device 2403 and other signal controlling circuits . 

[0278] 

Fig. 22F shows a front projector, which is composed 
of a main body 2501, a light source 2502, a display device 
2503, an optical system 2504, and a screen 2505. The present 
invention is applicable to the display device 2 502 and other 
signal controlling circuits. 

[0279] 

As described above, the application range of the present 
invention is so wide that it is applicable to electronic equipment 
of every field. The electronic equipment of this embodiment 
can be obtained by any structure resulting from combinations 
of Embodiments 1 through 25. 

[0280] 

[Effect of the Invention] 

The present invention is characterized in that the 
same NTFT can form both the GOLD structure and the LDD structure 
and which one is to form is determined by controlling the voltage 
of a first wiring line provided under an active layer. In 
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other words, the GOLD structure and the LDD structure can be 
formed on the same substrate without increasing the number 
of steps or complicating the process. 
[0281] 

Therefore circuits having optimal functions can be 
arranged in accordance with the respective specifications 
required for the circuits, thus greatly improving the 
performance and reliability of a semiconductor device such 
as an AM-LCD and electronic equipment that has the AM-LCD as 
a display. 

[0282] 

A high dielectric constant film such as a tantalum 
oxide film is used as dielectric of a storage capacitor in 
a pixel matrix circuit, whereby the storage capacitor can have 
a large capacity with a small area. Therefore, even if the 
AM-LCD is 1 inch or less in diagonal size, a sufficient storage 
capacitor is ensured without lowering the aperture ratio. 

[BRIEF DESCRIPTION OF THE INVENTION] 

[Fig. 1] shows a structure of a CMOS circuit. 

[Fig. 2] shows a structure of a pixel matrix circuit. 

[Fig. 3] shows a process of manufacturing a CMOS circuit. 

[Fig. 4] shows a process of manufacturing a pixel matrix 
circuit . 

[Fig. 5] shows a process of manufacturing a pixel matrix 
circuit . 
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[Fig. 6] shows the outside appearance of AM-LCD. 

[Fig. 7] shows a block structure of AM-LCD. 

[Fig. 8] shows a structure of a CMOS circuit or a pixel 

matrix circuit . 
[Fig. 9] shows a structure of a CMOS circuit or a pixel 

matrix circuit . 
[Fig. 10] shows a structure of a CMOS circuit or a pixel 

matrix circuit . 
[Fig. 11] shows a structure of a CMOS circuit. 
[Fig. 12] shows a process of manufacturing a CMOS circuit. 
[Fig. 13] shows a process of manufacturing a CMOS circuit. 
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[DESCRIPTION OF A MARK] 

90 A silicon oxide film 

100 A substrate 

101 A base film 

102a, 102b and 102c First wiring lines 

103 A first insulating layer 

104 A second insulating layer 

105 A source region (NTFT) 

106 A drain region (NTFT) 

107a and 107b Low concentration impurity regions 

108 A channel formation region (NTFT) 

109 A source regions (PTFT) 

110 A drain region (PTFT) 

111 A channel formation region (PTFT) 

112 A second insulating layer 

113a, 113b, 113c and 113d Second wiring lines 

114 A first interlayer insulating layer 

115 A source wiring line (NTFT) 

116 A source wiring line (PTFT) 

117 A drain wiring line (in common with NTFT and PTFT) 

91 A silicon oxide film 

200 A substrate 

201 A base film 

202a, 202b and 202c First wiring lines 

203 A capacitor wiring line 

204 A first insulating layer (TaOx film) 

205 A second insulating layer 

206 A source region 

207 A drain region 

208a~208d Low concentration impurity regions 
209a and 209b Channel formation regions 

210 An impurity region for a capacitor 

211 A third insulating layer 

212a, 212b and 212c Second wiring lines 

213 A first interlayer insulating layer 
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214 A source wiring line 

215 a drain wiring line 

216 A second interlayer insulating layer 
217a and 217b Black masks 

218 A third interlayerinsulating layer 

219 A pixel electrode 

A substrate with an insulating surface 
A pixel matrix circuit 
A source driver circuit 
A gate drivier circuit 
A signal processing circuit 
An FPC 

An opposite substrate 

701 A pixel matrix circuit 

702a and 703a Shift register circuits 

702b and 703b Level shifter circuits 

702c and 703c Buffer circuits 

703d A sampling circuit 

704 A precharge circuit 

2001 A main body 

2002 An audio output unit 

2003 An audio input unit 

2004 A display device 

2005 Operation switches 

2006 An antenna 

2101 A main body 

2102 A display device 

2103 An audio input unit 

2104 Operation switches 

2105 A battery 

2106 An image receiving unit 
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601 
602 
603 
604 
605 
606 
607 



2201 A main body 

2202 A camera unit 

2203 An image receiving unit 

2204 Operation switches 

2205 A display device 



2301 A main body 

2302 Display devices 

2303 Arm units 



2401 A main body 

2402 A light source 

2403 A display device 

2404 A polarization beam splitter 

2405 Reflector 

2406 Reflector 

2407 A screen 



2501 A main body 

2502 A light source 

2503 A display device 

2504 An optical system 

2505 A screen 



[BRIEF DESCRIPTION OF THE FIGURES] 

[Fig. 2] (A) H^TFTgB A pixel TFT portion 

•ffi^^SaP A storage capacitor portion 

(B) ^J#^j1pI$ A storage capacitor portion 

[Fig. 3](A) U >(n- )CO^0XfM --- A phosphorus doping step 

(B) #D>(p++)<Z)#JjJ]X£l A boron doping step 

(C) MffiUytJin. U>(n+)<D^nXf§ --- A back side 
exposure step, A phosphorus doping step 

[Fig. 4](A) U >(n- ) CD^MXM A phosphorus doping step 
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(D) 



[Fig. 9](B) 



[Fig. 10](B) 



[Fig. 12] (B) 



[Fig. 131(A) 
(B) 



(C) 
[Fig. 14] 



[Fig. 15] 



[Fig. 16] 



[Fig. 17] 



[Fig. 18](B) 



[Fig. 19](B) 



[Fig. 21] 



>(p+ + ) <Z)^Snl^ A boron doping step 

MMMftHU, 'J >(n+)<£^iOIf! --- A back side 
exposure step, A phosphorus doping step 

®^TFT§|5 A pixel TFT portion 

f:£J#il?iipR A storage capacitor portion 

HO^TFToft A pixel TFT portion 

i%fif^5-Mffl> A storage capacitor portion 

'J >tCct^ / ^T y $ i J >^IfM --- A gettering step 
by phosphorus 

U > (n- ) ©^sJOI^e A phosphorus doping step 

MMUjftXU. U >(n+) ©^JnXfM --- A back side 
exposure step, A phosphorus doping step 
7JnD>(p++)(D^JPXS ---A boron doping step 

ISIlTFToB A pixel TFT portion 

i%.W-^wkn¥> A storage capacitor portion 

®^TFTt$_ A pixel TFT portion 

i%fif%lt-Mp$ A storage capacitor portion 

MMTFT^ A pixel TFT portion 

{S^^Jtoft A storage capacitor portion 

IB^TFTaft A pixel TFT portion 

{^}#§Mp^ A storage capacitor portion 

®^TFTf$ A pixel TFT portion 

{lyrf^ltpR A storage capacitor portion 

iH^TFTpft A pixel TFT portion 

i^W^-M^ A storage capacitor portion 

Hj^TFTnE A pixel TFT portion 

i?HnlS A storage capacitor portion 
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